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INTRODUCTION 
1 
Chemistry of natural products is primarily concerned 
with the isolation, characterisation and structure determination 
of entities isolated from natural sources. Such studies were 
initially directed towards the isolation of active medicin?! 
principles from plants. Pending the development of chemotherapy 
as a discipline and the consequent discovery of synthetic drugs 
man was totally dependent on nature as the source of drugs for 
treatment of his ailments. Isolation of substances of medicinal 
activity from plants, therefore, prompted chemical investigations 
of botanically related species as well, in search of related 
drugs and alternate sources of known ones. Accumulation of data 
arising out of such investigations gradually gave rise to the 
frontier disciplines of chemotaxonomy and pharmacognosy. Extended 
investigations in this area resulted in the isolation of large 
number of natural products of diverse types. These compounds in 
turn posed fresh challenges to the natural product chemist 
culminating in the development of synthetic methods for their 
preparation. Synthesis of naturally occurring substances or 
molecules modelled on them hence came to be considered part of 
the chemistry of natural products. 
With the gradual development of the modern system of 
medicine, which was almost synonymous with the growth of 
synthetic organic chemistry, less and less attention came to be 
DISCUSSION 
Synthesis of Flavones 
Flavones and related substances, commonly classified 
together as flavonoids, constitute an important group of plant 
phenolics. This group has attracted the attention of chemists 
since long, the earliest systematic investigations having been 
pioneered by S. von Kostanecki with the help of degradative 
studies. With the isolation of flavones of diverse structures it 
was but natural to explore ways of synthesising these substances 
and such studies too, were initiated by S. von Kostanecki. 
The carbon skeleton present in majority of flavonoids 
can be represented by (I) and studies embodied in this chapter 
are concerned with devising newer methods of preparation of 
flavones (II). 
II 
The easiest and the most practical approach in this 
context would involve the condensation of two compounds each 
carrying an aromatic ring. The heterocyclic ring in such condens-
ations may either be preformed or can be formed during the course 
of the reaction. Hypothetically four such possibilities exist as 
depicted below in A, B, C and D. 
r ^ ^ 
'/ \ 
B 
No flavone appears to have been synthesised utilising 
the approach outlined at A though it has been used successfully 
in the synthesis of isoflavanones in good yields . In this method 
a chromanone (III) which has a preformed heterocyclic ring, through 
its enolacetate (IV), is condensed with an arylpalladium compound 
to yield the isoflavanone (V). 
Ill IV V 
A majority of the successful methods of synthesis of 
flavones are based on the approach B, most prominent of which are 
2 3 4 
the Baker-Venkataraman * and the Allan-Robinson methods. The 
former process involves the base catalysed intramolecular Claisen 
condensation of ortho-hydroxydibenzoylmethane which in turn is 
obtained by rearrangement of ortho-aryloxyacetophenone (Chart I), 
R, 
0 
7 
0 0 
Chart I 
0 
The Allan-Robinson synthes is i s a va r i a t i on of the 
Baker-Venkataraman method with the advantage tha t i t dispenses 
with the requirement of the preformed ortho-aryloxyacetophenone. 
Ins tead , the ortho-hydroxyacetophenone i s heated with anhydride 
of an aromatic acid in presence of the sodium s a l t of the acid or 
a base l i k e trimethylamine and the r e s u l t a n t subjected to a lkal ine 
hydrolysis (Chart I I ) . 
0 
Chart I I 
Another variation of the Baker-Venkataraman method 
involves the treatment of ortho-aryloxyacetophenones with NaOH 
in DMSO followed by acidification with a mixture of acetic and 
sulphuric acids to yield flavones in exceptionally good yields^ 
S. von Kostanecki prepared flavones, utilising the 
approach C, by condensation of an ortho-alkoxycarboxylic ester 
with an acetophenone (Chart III). 
COOR 
Chart III 
Several flavonoids have been prepared through the 
possibility outlined in D, though no method has proved viable or 
popular in view of the poor yields obtained. In one such method 
7 
a phenol is treated with a benzoylacetate in presence of P^ O-
(Chart IV). It was later discovered that the presence of P^O^ ^^  is 
•W/ 
Chart IV 
optional and that the condensation can be brought about by heating 
benzoylacetate with appropriate phenols to a temperature of 240-
_ p 
250 C . Further investigations also revealed that this reaction 
can be carried out in boiling nitrobenzene in an atmosphere of 
nitrogen^ 
The Friedel-Crafts reaction has also been utilised in 
the preparation of flavones. In the first of such experiments 
phenylpropiolic acid was heated with sodium phenolate, the 
resultant p-phenoxycinnamic acid converted into the acid chloride 
and cyclised by treatment with AlCl^ (Chart V), 
• ^ ^ — C = C—COOH 'O ONa—• 
Chart V 
The above circuitous route was to a large extent circumvented by 
Seka and Prosche by condensing phenylpropiolyl chloride with 
phenols in presence of AlCl^ (Chart VI). 
CI — C — C = c 
II 
0 
Chart VI 
Though the yields in all the above mentioned reactions, 
based on the approach D were poor, the Ruhemann method has been 
utilised recently in the preparation of flavone 6-acetic acid 
with the difference that the final cyclisation was achieved with 
12 polyphosphoric acid (Chart VII). Similar approaches were, 
however, more successful when applied to the preparations of 
flavanones/chalcones. Thus cinnamoyl chloride when reacted with 
phenols yieldsflavanones or chalcones, nature of the final product 
being dependent largely on the structure of the phenol. It has 
II 
MeO — C — C = c '/ \ 
\ 
Triton B 
COOMe 
MeO 
COCMe 0 COOH 
Chart VII 
been observed that condensations with phloroglucinol result in 
exclusive formation of the flavanone whereas with other phenols 
the product is largely the chalcone ' * . Acylation has also 
been carried out using cinnamic acid instead of cinnamoyl 
chloride with the same results (Chart VIII). 
Chart VIII 
li 
studies referred to above and pertaining to the 
approach D involve the condensation of unsaturated acids viz. 
phenylpropiolic acid or cinnamic acid, with phenols, and 
interestingly this reaction can proceed in four different ways. 
The unsaturated acid may either alkylate or acylate the substrate 
and as the substrate is a phenol either C- or 0-alkylation can 
occur. Similarly, acylation can also proceed in either of the 
two manners. 
The potential of acylation has been exploited by 
Ruhemann and Prosche in the preparation of flavones, starting 
with phenylpropiolic acid. By altering conditions, course of this 
reaction can be directed towards alkylation. Thus resorcinol, 
phloroglucinol and hydroquinone have been condensed with ethyl 
phenylpropiolate in presence of anhydrous ZnCl^ to obtain the 
17 
corresponding 4-phenylcoumarins (Chart IX). Conditions used in 
Chart IX 
u 
the above study corresponded to the Nencki reaction * , a 
variant of Friedel-Crafts reaction, under which acylations have 
been reported to occur, but results of this study did not conform 
to what could be predicted on earlier observations; the product 
being the result of alkylation instead of the expected acylation. 
19 This was, however, in line with the observation by Gore that 
the Nencki reaction often gives undesirable side products. 
The ease and facility with which the acylation of 
phenols using carboxylic acid is catalysed by BF^ and polyphos-
phoric acid (PPA) ' has made them the catalysts of choice for 
this purpose. PPA has the added advantage that it acts as a very 
21 
efficient condensing agent in the formation of cyclic ketones 
Other factors which encourage the use of polyphosphoric acid are 
that it is a mild dehydrating agent, does not cause ester 
22 
cleavage and that several cyclisations have been found to 
23 proceed with better results in relation to other reagents 
What was striking, in view of above, was the report 
that phenols react with phenylpropiolic acid in presence of 
24 polyphosphoric acid to yield 4-phenylcoumarins . The use of both 
ZnCl^ and polyphosphoric acid as catalysts thus has been reported 
to cause alkylation instead of acylation in the reaction between 
phenols and phenylpropiolic acid. 
13 
Our attention was drawn to this reaction while we 
were exploring the possibility of the formation of flavones 
more easily, employing lesser number of steps, or preferably 
only one step. Two such probabilities were apparent, one of 
which subscribed to the pathway C outlined earlier. Condensa-
tion of salicylaldehyde or substituted salicylaldehydes with 
phenylpropiolic acid in accordance with the scheme detailed 
below (Chart X) could finally result in a flavone. Results of 
our preliminary investigations in this direction were, however, 
not very encouraging. This could in all probability be 
attributed to the sluggishness with which phenylpropiolic acid 
undergoes Michael addition in relation to dimethyl acetylene-
25 dicarboxylate 
Chart X 
14 
The alternative approach was to acylate phenols with 
phenylpropiolic acid employing Friedel-Crafts conditions. 
Keeping in view the principal objective, which was to simplify 
the preparation of flavones, the method being developed had to 
be designed so as to fall within the following parameters. 
(a) The yield should be high. 
(b) The number of the steps should be kept to the minimum. 
(c) The reaction conditions should be easily manageable and 
should not be very vigorous. 
(d) The product of the reaction should be of sufficient purity 
so that its isolation would require the minimum of effort. 
(e) The starting materials should be of easy availability. 
(f) Even if the starting materials are of doubtful purity the 
reaction should be functional. 
The specific conditions which arose when these 
parameters were made applicable to the method under development 
were that, (a) Ruhemann's original approach was to be modified 
as yields were low, and (b) in order to reduce the number of 
steps the use of acid chloride was to be avoided and if possible, 
acylation should be carried out with the acid, instead. 
The final choice was, therefore, limited to the reaction 
between phenylpropiolic acid and a phenol. As has already been 
pointed out the product in this reaction could arise out of 
16 
alkylation or acylation. The choice of the catalyst was of 
immense importance in this case as the course of the reaction, 
viz. alkylation vs acylation, and as a consequence the yield of 
the flavone would depend upon it. But not much literature is 
available on the studies of Friedel-Crafts reaction involving 
unsaturated acids, and hence the data available on this reaction 
using saturated acids had to be adopted to this particular 
instance. 
Three catalysts of general applicability in effecting 
condensations of the acids are anhydrous ZnCl2» BF^ and 
polyphosphoric acid. As has already been mentioned, when ZnCl2 
is used in effecting such condensations the reaction is known as 
18 19 the Nencki reaction * . However, when ZnCl2 was used as 
catalyst in the reaction under study it was found to cause 
17 
alkylation instead of acylation . It was apparent, therefore, 
that the results of study of condensation of saturated acids 
cannot be extrapolated to the condensation of unsaturated acids. 
The other two catalysts, viz. polyphosphoric acid and 
BF-s have been found to be particularly effective in causing the 
condensation of acids. Out of these two, polyphosphoric acid was 
easier to prepare, handle, and conduct the reaction in and hence 
it was thought desirable to examine the result of condensation of 
J 0 
phenylpropiolic acid with phenols in presence of polyphosphoric 
acid. 
Procedural convenience dictated that the reaction be 
conducted in the absence of a solvent. Thus equimolar quantities 
of the phenol and phenylpropiolic acid were mixed and 
polyphosphoric acid rubbed into the mixture in such quantity 
that a paste of thin consistency was obtained. The paste was 
heated on a water-bath and the product isolated by dilution with 
water followed by extraction with ether. The solid thus 
isolated, invariably a mixture of two components, was chromato-
graphed to yield the flavone as major product. The other product 
which also could be isolated was identified as the corresponding 
4-phenylcoumarin. Phenols examined were catechol (Via), 
resorcinol (VIb), hydroquinone (Vic) and phloroglucinol (VId) 
leading to the formation of flavones (Vila), (Vllb), (VIIc) and 
(Vlld) respectively along with the corresponding 4-phenylcoumarins 
(Villa), (Vlllb) and (VIIIc). This approach is represented in 
the following scheme (Chart XI). 
1 / 
R, 
R. 
H 
HO — C—C ^ = C U \ 
VI ( a ) R4= OH, Ri=R2=R3= H 
(b) R3= OH, R^=R2=R4= H 
( c ) R2= OH, Rj^=R3=R4= H 
(d ) Rj^=R3= OH, R2=R4= H 
^ ^ ^ ^ ^ 
V I I ( a ) R4= OH, Rj^=R2=R3= H 
(b ) R3= OH, Rj^=R2=R4= H 
( c ) R2= OH, Rj^=R3=R4= H 
( d ) R;L=R3= O H , R 2 = R 4 = H 
V I I I ( a ) R3= OH, R^=R2=R4= H 
( b ) R^- OH, R^=R3=R^= H 
( c ) Rj^=R3= OH, R2=R4= H 
C h a r t XI 
}6 
Details of products isolated from the reactions 
conducted with the four different phenols are as follows: 
Reaction between catechol and phenylpropiolic acid 
The main product isolated on chromatography of the 
reaction mixture was crystallized from methanol, m.p,250°C, It 
absorbed in the UV at 267 and 300 nm and in the IR at 3100 and 
1628 cm" in leading to its formulation as a flavone , Its 
identification as 8-hydroxyflavone (Vila) followed from its NMR 
spectrum (Fig. 1) in which the typical flavonic singlet (H-3) 
appeared at 5 6.84 and a doublet of doublets at 7,25 (H-7), 
coupling constants of which (JQ^=8 HZ, J2=2 HZ) were expectedly 
indicative of ortho and meta coupling. Assignment of the latter 
signal to H-7 derived support from the fact that the corresponding 
signal in the acetate appeared again as a doublet of doublets at 
7.48 having shifted downfield to a significant extent. Signals 
arising out of rest of the protons were clubbed together in two 
sets, H-3% H-4', H-5' and H-6 together appearing at 7.50-7.60 
and H-.2', H-6« and H-5 at 8.0-8.20. 
All values are reported in o ppm units. 
Id 
<ja — 
a. 
Q. 
^0 
OH 
r^  
0 
Vila 
The acetate which was prepared in the usual manner by 
treatment of the flavone with acetic anhydride and pyridine in 
cold was crystallized from methanol, m.p, 135 C. In its NMR 
(Fig. 2) the signal ascribable to H-7 had shifted downfield in 
relation to the flavone as has already been discussed. A similar 
behaviour which was discernible in case of H-5 could be attributed 
to the deshielding caused by acetylation of the para-hydroxyl 
situated at H-8. This signal thus appeared at the lowest field, 
at 8.16, as a doublet of doublets (Jj^ =8 Hz and J2=2.5 Hz). 
27 8-Hydroxyflavone has been prepared earlier by the 
28 
reaction of 2,3-dihydroxy acetophenone , in an overall yield 
of 15'/,, 
2i 
z 
a 
Q. 
Co CM 
2 O 
a. — 
Q. Li. 
') . 
LA U 
Reaction between resorcinol and phenylpropiolic acid 
The reaction between resorcinol and phenylpropiolic acid 
was also conducted as described above and the isolated product 
purified by chromatography on silica gel. One of the products 
isolated was crystallized from methanol, m,p,245 C. 
This compound absorbed in the UV at 252 and 308 nm 
suggesting it to be a flavone. Its absorbance in the IR at 
1628 cm"" also supported this surmise. The NMR spectrum (Fig. 3) 
of this compound also reinforced this conclusion in the appearance 
of a IH singlet at 6.74, the value at which the H-3 of a flavone 
is expected to appear. Five protons arising out of the B ring 
appeared as two broad multiplets, a 2H signal appearing at 7.85-
7.9 being assignable to H-2' and H-6' and a 3H multiplet appearing 
at 7.50-7.70 to H-3', H-4' and H-5' on the basis of well 
established behavioural pattern of flavonic protons in the NMR. 
Rest of the signals of the spectrum should be assumed 
to arise out of the protons of ring A. Most characteristic of 
these was the doublet (J=8 Hz) which appeared most down field at 
8.03, integrating for one proton. This signal could unambiguously 
be assigned to H-5. Lack of meta coupling in the signal also 
indicated that C-7 carried a substituent. This conclusion derived 
further support from the two signals yet to be assigned both of 
which were involved in meta coupling with one another. One of 
23 
Q. Li_ 
1^ 
these which appeared at 7.00 and was involved only in meta 
coupling could be assigned to H-8 and other signal which was 
split by an ortho as well as meta protons (J,=8 Hz and J2=2 Hz) 
to H-6. Thus this compound was identified as 7-hydroxyflavone 
(Vllb). 
(Vllb) was acetylated to give a monoacetate, m.p.l35 C. 
The NMR spectrum (Fig. 4) of the acetate was also compatible with 
the structure assigned. All the signals which could be attributed 
to protons of rings A and C could be assigned with a fair amount 
of certainty. Thus the singlet at 6.84 could be assigned to H-3, 
the most down field doublet appearing at 8,27 (J=8 Hz) to H-5, 
the doublet of doublets appearing at 7,16 (J,=8 Hz and ^^2 Hz) 
to H-6 and metacoupled doublet appearing at 7.42 (J=2 Hz) to H-8. 
The down field shifts of the signals assigned to H-6 (6.95-7.16) 
and H-8 (7.00-7.42) caused on acetylation justify these assign-
ments. 
f^^^ 
Villa 
25 
CO >< 
a — 
a li. 
CO 
Additionally the physical constants of both the flavone 
and its acetate were comparable with those reported for 7-hydroxy-
29 flavone earlier 
The other product obtained in pure form on chromato-
graphy of the reaction mixture was identified as 7-hydroxy, 
4-phenylcoumarin (Villa) on the basis of the spectral character-
istics and comparison of its melting point with that reported in 
30 the literature . 
Reaction between hydroquinone and phenylpropiolic acid 
This reaction was also conducted and products worked up 
as described above finally resulting in the isolation of two 
compounds which were shown to be the major products on TLC examin-
ation of the crude solid isolate. 
One of these was crystallized from ethyl acetate, 
m.p. 235°C. It absorbed in UV at 270 and 303 nm and in the IR at 
1638 cm" testifying to its flavonic nature. Its NMR spectrum 
(Fig. 5) was helpful in identifying it as 6-hydroxyflavone (VIIc). 
The typical flavonic proton (H-3) appeared as a singlet at 6.82, 
the H-8 as an ortho coupled doublet (J=8 Hz) at 7.45 and the H-7 
as a doublet of doublets (J.j^ =2 Hz and J2=8 Hz) at 7.30. The 
normally deshielded H-5 in this case was expectedly shielded to 
')' 
o _ 
o 
o 
CD 
O 
Q. 
Q. 
O 
lO 
O 
o 
o 
o 
o 
o 
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o 
o 
cvt 
o 
1^ 
o 
a certain extent by the neighbouring hydroxyl group and hence 
this signal merged with those of H-3*, H-4', H-5', all of them 
appearing together as a broad multiplet at 7.50-7.70. 
^^^^ 
VIIc Vlllb 
The NMR spectrum (Fig. 6) of the acetate differed 
from that of (VIIc) in that H-5 had moved down-field to 8.02. 
However, both signals arising out of H-7 and H-8 had moved down-
field appearing together with H-3', H-4' and H-5' as a complex 
broad signal integrating for five protons. 
The other product isolated on chromatography of the 
crude reaction mixture was identified as 6-hydroxy-4-phenyl-
31 
coumarin (Vlllb), 
Reaction between phloroqlucinol and phenylpropiolic acid 
The crude product resulting out of this reaction was 
also separated into two major components on chromatography. One 
o 
o 
CO 
o 
o o 
CO O 
2 • 
a <o 
a. 0. L L 
o 
in 
o 
o 
O 
C>4 
-
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— 
-
o 
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o 
o 
o 
00 
oU 
of these (m.p.278°C) on basis of its absorptions in the UV 
(270 and 313 nm) and IR (1655 cm" ) was classified as a falvone. 
Examination of the NMR spectrum (Fig. 7) of this compound in 
which the signals were spread out and well resolved led to its 
32 identification as 5,7-dihydroxyflavone (Chrysin) . Two meta 
coupled signals appearing at 6.17 (IH, d, J=2 Hz) and 6.40 
(IH, d, J=2 Hz) were assigned to H-6 and H-8 respectively and a 
singlet appearing at 6.51 to H-3. The 3H multiplet appearing at 
7.37-7.52 was assigned to H-3', H-4', H-5' and 2H signal to H-2' 
and H-6'. 
This compound also was converted into its acetate by 
reaction with acetic anhydride and pyridine. The NMR spectrum 
(Fig. 8) of this compound was also compatible with the structure 
assigned. Two acetate methyls appeared as singlets at 2.35 and 
2.45, and the H-3 as a IH singlet at 6.68. Both H-6 and H-8 
had moved downfield to 6.85 and 7,4 respectively, again appearing 
as meta coupled doublets. Signals arising out of the protons of 
ring C, as in the case of chrysin appeared at two different 
locations, one signal corresponding to three protons and other 
for two protons. 
The other product isolated was identified as 
33 5,7-dihydroxy-4-phenylcoumarin (VIIIc). 
3 i 
Q. 
Q. 
32 
3J 
Vlld 
r ^ ^ 
VIIIc 
Synthesis of flavones by the above method was 
satisfactory from the procedural point of view in that only one 
step was involved and that isolation of the pure product required 
only a one stage chromatography. Yields of flavones obtained in 
these reactions though encouraging in comparison with earlier 
preparations were not entirely satisfactory and held room for 
further improvement. Further steps were hence directed towards 
this objective. 
It is relevant in this context to reiterate that the 
acid moiety is capable of reacting with the phenol in two 
different ways resulting in alkylatlon or acylation, the 
alkylation resulting in the formation of 4-phenylcoumarins 
instead of flavones, and increase in the yield of the latter can 
be achieved by suppressing the formation of 4-phenylcoumarins, 
in effect diverting the reaction from alkylation to acylation. 
; ] i 
It has been observed that acylation is greatly favoured in 
34 presence of strongly protic acids , especially H^SO., though 
attendant sulphonation has been found to be a major disadvantage 
causing contamination of the product. Sulphuric acid, however, 
has been used more commonly in conjunction with acid anhydride 
35 
and acid chloride as acylation agents . 
The above observations, however, could not be applied 
in entirety to the system under investigation as the reaction 
involved was cycliacylation in subtle variation with simple 
acylation. Polyphosphoric acid has been found to be the catalyst 
of choice to cause cycliacylation . Sulphuric acid also has 
been reported to cause such reaction, though as mentioned above, 
accompanying sulphonation of the substrate has been recorded as 
a major disadvantage. 
Further approach, therefore, was guided by the following 
considerations: (a) no significant data were available in the 
literature concerning alkylation or acylation using unsaturated 
acids, (b) acylation is favoured in presence of protic acids, 
(c) polyphosphoric acid is the catalyst of choice to cause 
cycliacylation, and (d) H^SO. catalyses such reactions. This 
reaction was therefore, conducted variously in presence of H^SO,, 
H_PO. and a mixture of H-PO. and H^SO., but the results were not 
encouraging. Yields were extremely poor in presence of H^SO^, 
:i5 
whereas in presence of the other catalysts the predominant 
products were 4-phenylcoumarins, 
The reaction was then performed in presence of a 
mixture of polyphosphoric acid and sulphuric acid, assuming that 
a catalyst of this composition would favour acylation vis-a-vis 
alkylation as the presence of the small quantity of H2SO, will be 
insufficient to cause sulphonation under the reaction conditions. 
The same procedure which was employed for performing 
the reaction in presence of polyphosphoric acid was employed in 
this case as well, with the difference that during the prepara-
tion of the paste requisite quantity of H2SO. was also added. 
This resulted in a perceptible increase in the yield of the 
flavones (Table 1), 
Table 1 
Reactants Flavone 
PPA 
Yields {'/.) 
PPA and H2SO4 
Catechol + Phenyl-
propiolic acid 
Resorcinol + Phenyl-
propiolic acid 
Hydroquinone + Phenyl-
propiolic acid 
Phloroglucinol + 
Phenylpropiolic acid 
8-Hydroxy-
flavone 
7-Hydroxy-
flavone 
6-Hydroxy-
flavone 
5,7-Hydroxy-
flavone 
18 
22 
40 
12 
25 
25 
45 
15 
'1 '•' 
,10 
Further experiments which were performed to examine 
the influence of the quantity of H2SO. on the yield of flavone 
revealed that the yield was modulated by the quantity of H^SO, 
and use of excess of H^SO. decreased the yield. 
Attempts to standardize the conditions of the reactions 
further revealed that best yields were obtained when the reaction 
was conducted at 100°C (Table 2). 
Phenols 
Catechol 
(Via) 
Resorcinol 
(VIb) 
Hydroquinone 
(Vic) 
Phloroglucinol 
(VId) 
Table 2 
Products 
R^  
8-Hydroxyflavone 
(Vila) 
7-Hydroxyflavone 
(Vllb) 
7-Hydroxy-4-phenyl-
coumarin (Villa) 
6-Hydroxyflavone 
(VIIc) 
6-Hydroxy-4-phenyl-
coumarin (Vlllb) 
5,7-Dihydroxy-
flavone (Vlld) 
5 ,7--Dihydroxy-4-
phenylcoumarin 
(VIIIc) 
'A 
oom temp. 
1 hr. 
low 
low 
05 
12 
low 
low 
10 
Yield at 
100°C 
1 hr. 
25 
25 
15 
45 
low 
15 
45 
150°C 
1 hr. 
very low 
very low 
very low 
very low 
very low 
very low 
very low 
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Mechanism of the reaction 
Three different possible mechanisms can be invoked to 
explain this reaction. 
(a) The simplest of these would be a two stage process 
involving normal Friedel-Crafts acylation followed by cyclisation, 
which can more appropriately be described as cycliacylation and 
can be represented by the following scheme (Chart XII). 
H G — C — G=^C '/ W PPA 
/ / \ C—C -OH 
0 
+H^ ry. c^:—c^o + H2O 
f^ k/ 
IJDH 
i i . 
xo 
^ C^=0 
:\6 
-H + 
+H^ 
Chart XII 
Factors which can be cited in favour of this mechanism 
are similarity with the mechanism generally accepted for Friedel-
37 Crafts acylation and resonance stabilisation of the acylium 
cation formed in this case. 
The argument which goes against this mech;^ nism is the 
difficulty which one can expect to encounter in the cyclisation 
of the acylation product because of unfavourable geometry. 
Nucleoophilic attack by the phenolic oxygen on the p~carbon of 
the a,p-alkylic ketone would be highly disfavoured in view of 
linear nature of the acetylene moiety in sharp contrast with 
the ease with which analogous chalcones cyclise (Chart XIII). 
3 J 
^ : ^ ^ 
Chart XIII 
(b) The second mechanism which can be postulated consists 
of more steps, the later stage being common to the one described 
above. First of these can be pictured as the esterification of 
the phenol with phenylpropiolic acid followed by Fries rearrange-
ment leading to the same intermediate postulated to be formed by 
the acylation of the phenol in the earlier process, the subsequent 
steps being common. Formation of the above intermediate can be 
depicted as below (Chart XIV). The argument cited against the 
earlier one is applicable to this one as well. 
0 
^^=^:::^ 
HO—C-C=zc_//v 
y ~ 
c — c // w 
Chart XIV 
(c) The third mechanism which can be forwarded would first 
involve nucleophilic addition of the phenol to the alkyne system 
followed by intramolecular acylation of the ketone formed and can 
be represented as below (Chart XV). 
^ ^ 
Chart XV 
4i 
The following points can be cited in favour of this 
mechanism, (i) nucleophilic addition to the triple bond can be 
reasonably expected to trans in character, (ii) the addition 
product would have the proper geometry for the subsequent 
cyclisation, and ( iii) polyphosphoric acid has been reported to 
cause facile acylation in case of similar systems. Thus, this 
mechanism can be tentatively assumed to be operative in this 
case. 
Scope of the reaction 
Compared to previous attempts at preparation of 
flavones, this process is simpler and reaction time shorter 
Starting materials are of easy availability and acylation is 
achieved with the acid itself, additional step involved in the 
preparation of the acid chloride having been dispensed with. 
Orientation of acylation is specific and formation of isomeric 
compounds negligible. Phenols require no protection and can be 
used directly. The procedure advocated consists of only one 
step and is extremely simple. Yields obtained are comparable 
with the best reported and are not altered even when the 
reagents used are of doubtful purity. This method holds the 
promise of developing into a general method of wide applicability. 
4u 
Aleurites fordii 
The genus Aleurites, a part of the family Euphorbiaceae, 
consists of six species all of which have been found to occur 
in the tropical and sub-tropical regions of Asia. Tung oil and 
meal produced from the fruit of trees of the genus Aleurites are 
toxic and cause diarrhoea and irritation of the skin and internal 
39 
organs . Tung oil of Aleurites fordii is one of the most widely 
used oils in the paint industry in the U.S.A. Attempts at 
commercial cultivation of different species of Aleurites were 
initiated as back as 1927 in Assam, Bengal, Bihar and Coorg apart 
from Burma. 
Comjtnercial importance of Aleurites fordii and 
consequently its availability in large quantities coupled with 
the medicinal properties associated with it prompted the chemical 
investigation of this plant. Previous work on this plant has 
been confined to the analysis of its nuts resulting in the isola-
tion of sterols , amino acids , 12-0-palmity-13-0-acetyl-16-
42 
hydroxyphorbol and 13-0-acGtyl-lO-hydroxyphorbol . The latter 
42 
two substances have been reported to be toxic and piscicidal 
The plant material was collected from the campus of the 
Forest Research Institute, Dehra Dun. Thin branches, the part 
procured, were cut into small pieces, dried and extracted 
43 
successively with petroleum ether (60-80'^ C) and alcohol. 
Concentrate of the alcoholic extract yielded no solid on chilling 
and hence was chromatographed on column of silica gel. The column 
was eluted with benzene containing increasing quantity of ethyl 
acetate. Fractions collected were continuously monitored by TLC 
and appropriate fractions combined for further processing. Work-
up of the benzene-ethyl acetate (4:1) eluates yielded a solid 
termed as AF-9. 
AF-9 
AF-9 was crystallized from methanol as colourless 
crystals m.p.238-239°C. Solubility characteristics indicated it 
to be fairly polar in character. It was insoluble in water as 
well as in aqueous bicarbonate but was found to dissolve in 
aqueous sodium hydroxide from which it could be regenerated on 
acidification, unchanged. It thus appeared to be either an acid 
or a lactone. The alkaline solution was yellow in colour 
suggesting that AF-9 was phenolic in character and probably a 
43 
coumarin . The latter surmise derived further support from the 
fact that AF-9 exhibited a characteristic blue fluorescence in 
UV light"^^. 
The UV spectra of coumarins are not as characterist ic 
or dis t inct ive as those of y-pyrones, but are typified by high 
44 
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intensity absorptions at the high wave length end of the spectra . 
AF-9 absorbed in the UV at 240 and 320 nm (Fig. 9). The IR spectrunr 
(Fig. 10) also supported the formulation of AF-9 as a coumarin by 
the appearance of a strong band at 1735 cm"" in the carbonyl 
. 43 
region 
Relatively small size of the coumarin molecules, fewer 
number of hydrogens they carry and the availability of vast data 
in the literature as the result of systematic studies on magnetic 
resonance spectra of coumarins have made NMR spectroscopy the most 
popular and powerful technique to be employed in the elucidation 
of the structure of these compounds. Very often, examination of 
the NMR spectra of the parent coumarin and its derivatives alone 
is sufficient to identify or assign a structure to it. Diagnostic 
features which stand out in the NMR spectra of coumarins 
unsubstituted in ring A arise out of H-3 and H-4. They appear as 
a typical AB pair of doublets, the former at 6.1-6.4 and the 
latter at 7,5-8.3 respectively . The NMR spectrum of AF-9 
(Fig. 11) expectedly showed it to be a coumarin by appearance of 
the typical coumarinic doublets at 6.13 and 7.92 (J=9.5 Hz). 
Apart from the chemical evidence adduced above, the IR and UV data 
totally discounted the possibility of AF-9 being a chromone, 
which could not have been ignored on the NMR data alone. Had AF-9 
been a chromone, it should have absorbed in the carbonyl region 
_l45 
at 1680 cm . 
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AF-9 having thus been concluded to have a coumarin 
nucleus, further stages involved in the elucidation of its 
structure were the identification and location of the substi-
tuents present on this nucleus. NMR data was helpful in this 
context as well but in the high field region the NMR spectrum of 
the parent compound was not much informative as some signals were 
obscured by the water envelope of DMSO-d^. It was hence, 
acetylated using acetic anhydride and pyridine in the usual 
manner. The acetate, termed AF-9A, was crystallized from methanol 
as shining needles m.p.l90°C. Solubility of AF-9A in CDCl^ made 
the determination of its NMR easier and more informative, NMR 
spectrum of AF-9A (Fig. 12) further confirmed the presence of 
the coumarin moiety by the appearance of the typical coumarinic 
doublets at 6.23 and 7,92 (J=9«6 Hz). The most prominent peak in 
this spectrum was a 6H singlet appearing at 3.84 which could be 
ascribed to two methoxyl groups. Another 3H singlet which 
appeared at 3.96 could similarly be attributed to another methoxyl 
group. The stucture of AF-9A could thus be expanded to (IX). 
Assuming the location of an oxygen at C-7 of the coumarin system 
+ 30CH, 
IX 
S:^  
^ 
iw_ 
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on biogenetic grounds , the above structure could be expanded 
to (X). 
0 \ ^ 
30CH, 
The NMR spectrum (Fig,i2a) further revealed that though 
AF-9A had a coumarin nucleus, it was not a simple coumarin but 
carried rather unusual substituents. Because of the small number 
of positions available for substitution in coumarin nucleus one 
would have expected the existence of only a limited number of 
47 them, but a review of 1978 lists 502 coumarins while a 
48 
subsequent one of 1983 lists another 160 coumarins . Availability 
of limited sites for substitution in coumarins appear to have been 
compensated by diversity of substituents. Most prominent among 
such substituents which have been found to affect extensive 
alkylations at oxygen or carbon are uncyclized C^, C,Q and C,^ , 
units of various isomeric forms. These alkylated coumarins get 
involved in secondary processes as well, leading to furano- or 
pyrano-coumarins of various forms. Apart from the uncyclised 
5i 
moieties referred to above, cyclised mono- and sesquiterpenes 
also have been found to alkylate coumarins. Such substituents 
have tended to increase the population of coumarins, 
A feature common to the type of coumarins alluded to 
above is the presence of methyl group attached to either saturated 
or unsaturated carbons. The NMR spectrum of AF-9 (Fig. 11) was 
conspicuous in the absence of any signal ascribable to C-methyls 
and thus ruled out the presence of isoprenoidal substituents of 
any kind. It, however, carried signals at low as well as high 
fields. That AF-9 carried substituents other than methoxyl on 
the coumarin nucleus was made clear by the appearance of aromatic 
protons totalling to three. It was thus reasonable to conclude 
that the coumarin unit carried some such substituents, one of 
them aromatic, which gave rise to signals both in the aromatic 
and relatively upfield regions. 
The two low field signals in AF-9A appeared as a sharp 
singlets at 6.55 and 6.62 the former integrating for one proton 
and the latter for two. These signals indicated strongly, by the 
lack of ortho coupling that AF-9A carried no contiguous protons 
in the aromatic or coumarin systems. It was, therefore, 
imperative to assume that the coumarin ring carried at least two 
substituents. Another substituent, hence, had to be placed at 
C-6. If the coumarin were assumed to be disubstituted, the 
5^ 
probability of the second substituent being present on C-5 was 
remote as none of the above signals showed any sign of meta 
coupling. However, the possibility of the location of a substi-
tuent at C-5 or C-8 could not be discounted altogether. This 
probability was distinct if the coumarin were assumed to be 
tri-substituted, which it was reasonable to do so as the NMR 
spectrum of AF-9A carried only one IH singlet. From the close 
resemblance of the UV spectrum of AF-9 ( X 240 and 320 nm) 
max. 
with those of other 5,6,7-trioxygenated coumarins, viz. 7-hydroxy-
5,6-dimethoxy coumarin (A 221 and 330 nm) and 5,6,7-tri-
' max. 
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methoxy coumarin (A _^^ 230 and 320 nm) it could be further 
inferred that the coumarin moiety was 5,6,7-trioxygenated. Hence 
if the IH singlet were assumed to arise out of the coumarin 
moiety it could only be attributed to H-8. Long range coupling 
between H-4 and the IH singlet decipherable in the high resolution 
NMR spectrum of AF-9A (Fig.12b) made it possible to make this 
assignment with certainty. 
The basic units in AF-9 could thus be expanded to (XI). 
Structural features had to be added to (XI) to account for the 
rest of signals present in the NMR spectrum of AF-9A. Most 
prominent of these was the 6H singlet appearing at 3.84 which 
could be better assigned on the basis of chemical shift to 
aromatic rather than aliphatic methoxyls. The 2H aromatic 
singlet appearing at 6.62 also reguired assignment. These two 
53 
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XI 
signals, together, called for the presence of an aromatic moiety 
in AF~9A. In such a moiety four positions could be accounted 
for as above, with atleast another position being utilised for 
linking up with the coumarin part. Each of the above signals 
represented a set of protons the one at 3.84 arising out of two 
methoxyls and the one at 6.62 out of two aromatic protons. Both 
these signals appeared as sharp singlets. This was strongly 
suggestive of the fact that the protons within each of these sets 
were situated in identical environments. Further, the chemical 
shift of the 2H singlet at 6,62 indicated th^ -t they resonated at 
the higher end of the aromatic region. Going by the standard 
chemical shift of 7.27 for the protons of benzene and taking into 
account the deshielding caused by oxygen atoms they may carry 
51 
viz, ^ -O.S ppm each , it could be inferred that this aryl 
system carried either two or three oxygens. Another factor which 
required settlement before formulating a structure for this aryl 
moiety was the actual number of carbons, whether one or two, 
were involved in its attachment to the coumarin nucleus. Taking 
55 
into consideration all the above aspects, especially the identical 
environment of the 6 protons of the raethoxyl groups and 2-aryl 
protons, three possible structures (XII,XIII and XIV) emerged for 
OCH, 
XII 
OCH, 
XIII 
XIV 
this moiety, two carbons being involved in linkage with coumarin 
moiety in case of (XII) and (XIII) and one carbon in case of 
(XIV). Of these (XII) and (XIII) could be counted out as the 
structures arising out of their fusion with coumarin moiety, 
(XVa/XVb) and (XVIa/XVIb) respectively, held no further scope to 
accommodate or explain the yet unassigned NMR signals. Hence, 
perforce (XIV) had to be chosen as the structure representative 
of the aryl moiety, R standing for an alkyl or a functional 
55 
OCH 
XVa XVIa 
0 \ ^ 
OCH, 
XVb XVIb 
group. The NMR spectrum (Fig. 11), as already explained, carried 
no signals characteristic of methyl groups. However in the IR 
(Fig. 10), AF-9 absorbed strongly at 3470 cm" indicative of the 
presence of hydroxyl function/functions. Furthermore, of the 
two acetate methyl signals appearing in the NMR spectrum of AF-9A 
the one appearing at 2.36 could arise only of an aromatic acetate. 
If the aryl moiety were assumed to carry a hydroxyl group, the 
structural elements of AF-9 could be expanded to (XVII). Such a 
formulation could explain not only the IR spectra but also the 
5 7 
OCH. 
+ -CH, 
XVII 
fact that both the methoxyls were situated in identical environ-
ment as were the two aryl protons. In the NMR spectrum both 
these set of protons could be expected to appear as singlets. 
All the five available positions of the aryl moiety having thus 
been accounted for, the methoxyl group responsible for the 
singlet at 3.96 in the NMR spectrum of AF-9A had to be located 
on the coumarin nucleus. 
Another prominent signals in the NMR spectrum of AF-9A 
was a neat doublet at 5,01 (J=7,66 Hz), arising out of one proton. 
This signal was too upfield to be considered aromatic. On the 
other hand it was too downfield to be taken as aliphatic either, 
unless severe deshielding effects were assumed. All the protons 
of the two postulated structural units (XVII) of AF-9 having been 
accounted for, the proton responsible for this signal, in all 
probability, should be situated on a carbon involved in linking 
5S 
these two units. The surroundings of the hydrogen can therefore, 
be pictured as Ar-CH-O-Ar. A proton situated in such an environ-
ment being at the same time part of aryl ether and benzylic 
functions could be expected to be deshielded additively explain-
ing the observed chemical shift of 5.01, The structure of AF-9 
could thus be expanded to (XVIII), 
OCH, 
Coumarin 
XVIII 
The signal at 5,01 appeared as a doublet and, therefore, 
it was apparent that this proton was neighboured by one hydrogen, 
inter alia, necessitating the location of a carbon p to the 
proton giving rise to this signal. A, IH multiplet in the NMR 
spectrum of AF-9A at 4.279 reinforced this conclusion. The 
observed chemical shift suggested that the proton responsible for 
this signal, though deshielded, was so to a considerably lesser 
extent in comparison with the methine proton appearing at 5.01. 
The chemical shift of 4.279 could be explained if it were assumed 
53 
that the proton responsible for it was part of an aryl-alkyl 
ether function, leading to the structure (XIX) for AF-9. 
OCH 
Coumarin 
XIX 
As the above proton appeared as a multiplet it had to 
be coupled to protons other than the methine appearing at 5,01, 
It was thus natural to conclude that this proton was coupled with 
the protons responsible for the yet unassigned signals in the NMR 
spectrum of AF-9A, These unassigned signals appeared as two IH 
signals around 4.42 and 4.11, These chemical shifts corresponded 
to that of acetylated hydroxymethylene protons attached to an 
alkyl carbon. Further the contour of the 2H methylene signal was 
also in support of this assignment. Signals emanating out of 
these protons appeared as a pair of doublet doublets centred at 
4.42 (IH, J^=12,l Hz; J2=3.3 Hz) and 4,11 (IH, Jj_=12.1 Hz; 
J2=4,3 Hz) and not as a doublet, indicating them to be 
non-equivalent. This non-equivalence could be induced by the 
u () 
assymetric centre neighbouring this methylene. On the evidence 
cited above, AF-9 could finally be pictured either as (XX) or 
(XXI). 
OCH 
XX 
XXI 
The above conclusions were verified by decoupling 
experiments (Fig. 13). Irradiation of the doublet at 5.01 made 
the IH quintet at 4.279 collapse to a quartet having the look of 
61 
H 
o 
-P 
^ 
Ct4 
J 
J 
^ 
^ ^ 
83 
-4-
^ 
• H 
=A 
64 
the X-part of an ABX system. In the reverse experin^ent, irradi-
ation at 4.279, expectedly, affected both the other signals. The 
doublet at 5.01 collapsed to a singlet and the double doublets 
at 4.42 and 4.11 to an AB pair to doublets. Irradiation of one 
of the methylene protons at 4.42 affected only the methine 
signal appearing at 4.279 resulting in its simplification to a 
quartet. Results of these decoupling experiments are tabulated 
below (Table 3). 
Table 3 
Irradiated Effect at 
at 5.01 4.279 4.42 4.11 
So 01 - Qi*Qu N.E. N,E. 
4.279 d*s - dd*d dd-»d 
4.42 N.E. Qi*Qu 
N.E.= No effect; Qi= Quintet; dd= double doublets; Qu= Quartet; 
d= doublet. 
These results pointed, explicitly, towards the existence 
of a 4 spin system in AF-9A, insulated from rest of the molecule. 
This system could be represented as below. 
Bo 
H H Ha 
{ ( I 
— C — C — C — Hb 
i i i 
d Qi dd dd 
However, structures (XX) and (XXI) could not be 
distinguished on the basis of above data. As can be discerned 
from the structures (XX) and (XXI), the position of methoxyl 
group in coumarin moiety could be ascertained by resorting to 
Nuclear Overhouser Effect (NOE) studies. If (XX) were the 
correct structure irradiation of the OMe signal at 3.96 should 
result in the enhancement of the intensity of the H-4 signal 
appearing at 7.92. On the other hand if (XXI) were correct, 
this irradiation should affect the H-8 signal appearing at 
52 
6.55 , In NOE studies (Fig. 14) conducted on AF-9A, irradi-
ation of the OMe signal at 3.96 resulted in the enhancement of 
the intensity of the H-8 signal at 6,55 by 26.66?<. In the 
reverse experiment, irradiation of the signal at 6.55 enhanced 
the OMe signal at 3.96. Further, irradiation of the H-4 signal 
did not affect the OMe signal while the H-3 signal was enhanced 
by 18.75><. Results of NOE experiments for the AF-9A are 
tabulated below (Table 4). 
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Table 4 
NOE(^) and chemical shift observed for AF-9A 
Irradiated 
signal H-3 
Observed signals 
H-4 H-8 OMe 
3.96 
7.92 
6.55 
6.55 
(26.66) 
6.23 
(18.75) 
3.96 
(10.00) 
Increase in signal height are shown in parentheses. 
On the evidence cited above, AF-9 could finally be 
pictured as (XXI). 
XXI 
BiS 
Final evidence in support of the postulated structures 
could be had from the high resolution mass spectrum of AF-9 in 
which the molecular ion appeared at 416.1107 corresponding to 
the molecular composition of C^.H^QCQ. From the low resolution 
mass spectrum (Fig. 15) it was evident that the fragmentation 
process, and hence the fragment ions produced were in total 
accord with the structure proposed for AF-9 (XXI) and also with 
53 54 the fragmentation mode proposed for benzodioxanes * 
Accordingly, the most prominent fragmentation process involved 
was a retro-Diels-Alder process giving rise to the base peak at 
m/z 210, The neutral molecule arising out of the C^-C^ moiety 
was found to lose water and carbon-monoxide variously giving rise 
the peaks at m/z 192 and 182 respectively. The molecular ion 
lost a molecule of water to give rise to a meta stable peak at 
m/z 380.7, corresponding to this transition, (398 -7-416). One of 
the characteristic modes of mass spectral decomposition of 
55 56 
coumarins involve sequential loss of carbon monoxide * . In 
this particular case the peak at 208 underwent two such losses to 
give rise to peaks at 180 (208-28) and 152 (180-28). It was, 
therefore, necessary to conclude that the coumarin moiety was 
responsible for the peak at 208, thus firmly establishing that 
the coumarin nucleus was trioxygenated and that one of the oxygens 
57 
was part of a methoxyl function . Another peak of diagnostic 
value was the one which appeared at m/z 167, which could only 
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have originated by benzylic cleavage of the aryl group leading to 
a tropylium cation. Formation of this fragment conclusively 
established that the aryl group of the C,-C- moiety carried one 
hydroxyl and two methoxyl groups. Finally, the genesis of the 
fragment appearing at m/z 154 could be explained by invoking a 
six membered transition state. The mass spectral data thus 
supported, unambiguously, the structure proposed for AF-9. The 
fragmentation mode discussed above are depicted in chart-XVI. 
OCH, 
m/z 416.1107 
OCH 
OCHo 
m/z 210 m/z 192 
7i 
XXI 
OCH, 
XXI 
m/z 167 
Chart XVI m/z 154 
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AF-9, thus, finally be concluded to be a coumarino-
.53 lignan formed by the fusion of a C^-C- unit with a coumarin 
nucleus. A thorough survey of the literature revealed that only 
five such compounds have been reported so far, first of these 
53 having been reported as recently as in 1980 . The coumarino-
57 lignans of known structure are cleomiscosin A (XXII) , 
cT 57,58 
cleomiscosin B (XXIII) , cleomiscosin C (aquillochin) (XXIV) , 
propacin (XXV) and daphneticin (XXVI) . In addition to above 
two coumarinolignans of linear mode of fusion have been isolated 
and their structures determined as (XXVII) and (XXVIII) in this 
laboratory . Interestingly, the mode of fusion in all coumarino-
lignans of previous occurrence are angular. 
1L 
0 \ / . 0 
XXII % = 7 W -OH K^= -CH2OH 
XXIII 
XXIV 
'OCH, 
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XXVII R^/R2= CH2OH/ — / / y—OH 
OCHo 
XXVIII R^/R2= CH2OH/ 
OCH, 
OCH, 
Similar lignano derivatives have been reported in 
flavone and xanthone series as well. Representatives of the 
former are silymarin (silybin) (XXIX)^^»^^, silychrystin (XXX)^^, 
hydnocarpin (XXXI)^^ and the latter kelcorin (XXXII)^^. 
V 
y W-ocH. 
XXIX 
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In the majority of the lignano derivatives cited above 
orientation of the attachment of the lignan moiety to the nuclei 
concerned are uncertain. Such a problem exists in the case of 
AF-9 as well. The gross structural feature of AF-9 having been 
accounted for in (XXI), the actual structure could be represented 
either by (XXI) or (XXXIII). 
°N^ 
XXI 
0.. /O 
XXXIII 
/o 
Such type of regiomeric problems have been encountered 
65 before too and they have been tackled through synthesis or by 
use of physical methods. One of the latter approaches involves the 
use of the lanthanide shift reagent, Pr(fod)^ , though it appears 
to have been used in case of neolignans only. Another approach 
has been to identify the carbons of the coumarin moiety which are 
linked through oxygen to the benzyl and aliphatic methine carbons 
by measurement of J Q U couplings. Accordingly cleomiscosin A 
53 
was originally assigned the structure (XXIII) , which was latter 
revised to (XXII) » , while the structure (XXIII) was assigned 
to cleomiscosin B, another coumarinolignan isolated from the same 
source. 
0 \ ^ o^^o 
XXIII XXII 
7 ; 
The technique used in both the studies were the 
same * * . Revision of the structure of cleomiscosin A was a 
corollary to the fact that assignment of signals originally made 
to C~7 and C-8 in the CMR had to be reversed. The basic approach 
has been, in both cases, to observe the change in the pattern of 
C-7 and C-8 signals in the CMR following irradiation of the 7' and 
8' protons. Simplification of the carbon signals arose out of 
3 
nullification of JQ-H '^ o^ pli'^ gs. In case of cleomiscosin A H-7' 
was found to be coupled to C-7 and H-8' to C-8, whereas in 
cleomiscosin B similar couplings were observed between H-7* and 
C-8 on one hand and H-8' and C-7 on the other hand. 
This approach was slightly modified in another study 
52 pertaining to cleomiscosin A (XXII) , In a set of hetero-
decoupling experiments on this substance, Arisawa et al. observed 
that the same carbon signal was simplified when the benzylic 
methine proton and H-5 were irradiated. This observation led to 
the conclusion that it was the C-7' which was linked to C-7 
through an oxygen bridge. Had the situation been reverse, 
different signals would have been effected. 
It became, therefore, necessary to determine CMR of 
AF-9A to finalise its structure. Assignments of signals had, 
however, to be beyond reproach in order to identify the carbons 
coupling with the protons being irradiated. In routine CMR 
Icblc^ L vj 
73 
studies carbon count is obtained from proton noise decoupled 
(broad band decoupled) spectrum and carbon multiplicities from 
off-resonance spectrum. Information derived from the splitting 
pattern is helpful in assigning signals in a large number of 
cases, but more often shift additivity tables compiled for 
different type of compounds have to be referred to finalise the 
assignments. In this particular instance in which the molecule 
is composed of two different types of units use of additivity 
constants alone, whether using simple aromatic systems or 
coumarins as references might have led to confusion. Hence, some 
techniques which have been discovered recently and are more 
refined had to be resorted to. 
Some of the methods available for this purpose are APT 
(Attach Proton Test) , INEPT (Insensitive Nuclei Enhanced by 
Polarization Transfer) , DEPT (Distortionless Enhancement by 
70 71 
Polarization Transfer) and 2-D (Two Dimensions) experiments 
Apart from the determination of PND and off-resonance decoupled 
spectra the DEPT and 2-D heteronuclear shift correlation 
experiments were also carried out to be sure of the assignments. 
The PND spectrum (Fig. 16) altogether carried 22 signals 
against 25 carbons present in AF-9A (Table 5). The table also shows 
multipliticities of the signals derived from the off-resonance 
spectrum (Fig. 17). Signals arising out of the two methoxyl 
73 
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Table 5 
No. Chemical shift Multiplicity 
1 20.39 q 
2 20.62 q 
3 56.37 q 
4 56.6 q 
5 62.59 t 
6 75.23 d 
7 77.40 d 
8 93.33 d 
9 103,3 s 
10 104.0 d 
11 112.31 d 
12 128.9 s 
13 129.1 s 
14 133.0 s 
15 137.64 d 
16 139.5 s 
17 149.6 s 
18 152.3 s 
19 152.74 s 
20 161.21 s 
21 168.36 s • 
22 170.22 s 
82 
carbons located at 3* and 5' could have merged into one as could 
the signals arising out of C-2' and C-6', in parallel with the 
behaviour of the protons attached to these carbons in the H NMR 
spectrum. Similarly signals arising out of the two non-protonated 
carbons C-3' and C-5' also could be expected to merge and appear 
at the same value. The number of signals thus corresponded to the 
number of carbons present. Out of these signals several could be 
assigned unambiguously on the basis of chemical intuition, 
multiplicities and use of additivity constants. Such assignments 
which could be made at this stage are shown in table-6. 
Table 6 
Chemical shift Multiplicity Assignment 
161.21 s C-2 
112.31 d C-3 
137.64 d C-4 
93.33 d C-8 
103.3 s C-10 
133.00 s C-1' 
104.00 d C-2' 
152.74 s C-3* 
152.74 s C-5» 
104.00 d C-6' 
77.4 d C-7» 
75.23 d C-8' 
62.59 t C-9' 
56.6 q OMe 
56.3 q 2xOMe 
83 
The above assignment were corroborated by DEPT 
72 
experiments . The pulse sequence used for these experiments 
was as follows, where the delays '^  have the value 1/2J. In 
DEPT experiments, flip angle of the 6 pulse is governed by the 
multiplicities of carbons. When this experiment was carried out 
^H 90° - t - 180° - r - e° - r -
X X y 
•^ C^ 90° 180° acquire FID 
with 0=90 , expectedly signals of only methinic carbons (CH) 
appeared in the spectrum (Fig. 18), In this spectrum only six 
signals were apparent of which the one appearing at 104.00 ppm 
could be assigned to C-2' and C-6', When the experiment were 
carried out with 6 as 135° all the carbons other than quaternary 
appeared in the spectrum and it further differed from the PND 
spectrum in that the methylenic (CH^) carbon signals appeared in 
the negative phase (Fig. 19). The signal appearing at 62.59 
could thus be straightaway assigned to C-9'. 
Rest of the signals were assigned with the help of Two 
Dimensional Heteronuclear Shift Correlation Experiments*^^*^^. 
The pulse sequence used for the generation of heteronuclear 
correlated 2D-NMR spectra is depicted below: 
-tiSit-
^?ll-~--
84 
00 
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86 
Preparation Evolution Mixing time Detection 
The Jp u spectrum (Fig, 20) was helpful in specifically assign-
ing the acetate methyl carbons, methoxy carbons and confirmation 
of the assignment made to C-2' and C-6'. The protons of aliphatic 
acetate group resonated at 2.06 and the corresponding carbon 
signal was detected to be the one at 20.62. Similarly the 
aromatic acetate methyl carbon was found to generate a signal at 
20.39. Out of three methoxyl carbons two of which are equivalent, 
were found to generate a signal at 56.3 and the other methoxyl at 
56.6. Further, confirmation could be had from this experiment of 
correctness of assignment of the signal appearing at 104.0 to 
C-2' and C-6'. 
2-D correlation spectrum involving long distance Jp-H 
coupling (Fig. 21) provided information which were helpful in 
assigning signal to C-6, C-7, C-9 and the acetate carboxyl 
carbons. H-8 which appeared at 6.55 was found to be involved in 
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long distance coupling to the carbon responsible for the signal 
128.9. This signal, therefore, ought to arise out of C-6. 
Coupling of lower magnitude could be detected between this 
hydrogen and carbon responsible for the signal appearing at 149.6. 
2 3 
As J^_„ values are considerably less than Jr_u values, this 
signal could be assigned to C-9. Similar correlation could be 
discerned between raethoxyl protons appearing at 3.96 and carbon 
signal appearing at 152,74 making it possible to assign the later 
signal to C-7. Such correlations made it possible to assign the 
signal appearing at 129.1 to C-4' and low field signals at 170.22 
to the aliphatic and 168.36 to aromatic acetate carboxyl carbons. 
Apart from the above, confirmation of the assignments already 
made also could be had from the spectra. The yet unassigned 
signal appearing at 139.5 could be now assigned to C-5. 
13 Once foolproof assignment of the signals m the C NMR 
spectra could be made the next objective was to decide whether 
the structure (XXI) or (XXXIII) was the correct one. The long 
3 
distance Jc_u 2-D correlation spectrum was unfortunately not 
helpful in this regard as no long distance coupling was 
registered in the spectrum involving the methine protons appearing 
at 4.279 and 5.01, Hence there was no option but to resort to 
selective low power heterodecoupling experiment. 
JU 
Such an approach necessitated the determination of 
non-decoupled C NMR spectrum (Fig, 22). Multiplicities and 
splitting constants derived from this spectrum are given in the 
table 7. In order to determine the correct structure of AF-9, 
the H-7' signal appearing at 5,01 was irradiated and the effect 
on the carbon signals in the non-decoupled spectrum observed. 
It was found that this resulted in considerable sharpening of 
the signal assigned to C-6 (Fig. 23). AF-9, therefore, should 
have the structure (XXI), 
XXI 
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Table 7 
Chemical shift Multiplicity Assignment 
161.21 dd, J=10 and 4 Hz C-2 
152.74 br s C-3' and C-5' 
152.3 br t, J=4 Hz C-7 
149.6 t, J=6 Hz C-9 
139.5 d, J=5 Hz C-5 
137.64 d, J-167.5 Hz C-4 
133.0 br s C-1' 
129.1 br t, J=7.5 Hz C-4' 
128.9 br d, J=7.5 Hz C-6 
112.21 d, J=172.5 Hz C-3 
104.0 dddd, J=:157.5, 8 and 5 Hz C-2' and C-6' 
103.3 dd, J=8 and 5 Hz C-10 
93.33 d, J=165 Hz C-8 
77.4 br d, J=155 Hz C-7' 
75.23 br d, J=:155 Hz C-8' 
62.59 t, J=157.5 Hz C-9' 
56.6 q, J=145 Hz OMe-7 
56.31 q, J=145 Hz OMe-3' and OMe-5' 
br= broad; d= doublet; dd= double doublets; dddd= double doublets 
of double doublets; s= singlet; t= triplet; q= quartet. 
The hydrogen on C-8' was responsible for the splitting 
of the H-7' signal into a doublet with a coupling constant of 
7,66 Hz. This value pointed towards a trans disposition of these 
two hydrooens and/as a corollary to the trans disposition of the 
phenyl ring on C-7' and the hydroxy methyl group on C-8'. AF-9, 
can thus finally be reoresented as (XXXIV). 
XXXIV 
On the basis of the well charted routes of oxidative 
couplinos ' AF-9 can be assumed to arise out of the coupling 
of 7-methoxy "o ,6-dihydroxycoumprin and syringyl -•Icohol PS 
depicted below (Chart XVII). 
\\J 
cH3a N^ 
B 
OH 
)H 
CH30' ^OCH, 
OH 
Chart XVII 
I \! 
AF-2 
Aleurites fordii was extracted with petrol prior to 
its extraction with ethanol. The concentrated petrol extract 
on chromatography on silica gel yielded a compound which 
crystallised from methanol as colourless needles m.p.75 C. It was 
characterised as a coumarin on the basis of spectral data, viz. 
UV( A„ ^ 230 and 320 nm), IR(1730 cm""*-) and NMR(6.22 and 7.90, 
doublets, IH each, J=9 Hz), The NMR spectrum further revealed 
the presence of three methoxyl groups (3.87, 3.90, 4.03, s, 
3 H each) and an aromatic proton (6.61, s, IH). Formulation of 
AF-2 as a trimethoxy coumarin derived further support from the 
mass spectrum in which the M"*"* appeared at 336 (C,„H,^0.), A 
survey of the literature indicated AF-2 to be identical with 
5,6,7-trimethoxycoumarin'*^*'^'^. The ''"^C NMR spectrum (Table 8) 
was compatible with this formulation (XXXV), 
OCH, 
11! X 
Table 8 
Assignment Multiplicity Chemical shift 
C-2 s 160.35 
C-3 d 112.24 
C-4 d 138.60 
C-5 s 149.15 
C-6 s 138.03 
C-7 s 151.36 
C-8 d 95.45 
C-9 s 157.16 
C-10 s 106.99 
OMe q 56.20 
60.98 
61.63 
Podocarpus latifolius 
Members of the genus Podocarpus find extensive use as 
building material. Chemical investigations have revealed this 
genus to be a rich repositary of several classes of compounds, 
more prominent of which are steroids, lignans, biflavonoids and 
terpenes. What is of interest and significance, however, is the 
diversity of diterpenoid skeletal types found to occur In this 
genus, viz. podocarpane, isopimarane, abietane, totarane, 
13a-kaurane, 13p-kaurane and the norditerpene lactones which are 
specific to this genus. Apart from the above two C.^ compounds 40 
78 
of dimeric totarin skeletan, podototarin (XXXVI) and mpcrophyllic 
79 
acid (XXXVII) have recently been isol.-^ ted from this genus. 
XXXVI R= CHg 
XXXVII R= COOH 
U)o 
Much of the biological activity associated with several 
species of Podocarpus have been traced to the presence of 
80 
norditerpene dilactones. Thus termicidal activity , toxicity to 
p •) QO 
housefly larvae , growth inhibitory activity , antitumour 
activity " and cytotoxicity associated with several members of 
this genus have been attributed to one or the other norditerpene 
dilactones. 
Such reports drew our attention to Podocarpus latifolius, 
an yet uninvestigated member of this genus. It was collected from 
the Forest Research Institute, Dehra Dun. 
The stem-v;ood of Podocarpus latifolius was extracted 
with acetone. Chromatography of the concentrated extract on 
silica gel resulted in the isolation of six compounds termed as 
PL-1, PL-2, PL-3, PL-4, PL-5 and PL-6. 
PL-1 
PL-1 was eluted from the column with benzene and 
crystallized from methanol-chloroform, m.p,105°C. However, it 
was not investigated further as only a small quantity could be 
isolated. 
M-i 
PL-2 
PL-2 which was eluted from the column with benzene and 
crystalli^.ed from methanol, m.p,135 C was identified as 
^-sitosterol on comparison with an authentic sample (m.p., m.m.p., 
IR, NMR and mass). 
PL-3 
It was eluted from the column with benzene-ethylacetate 
(17:3) and crystallized from methanol, m.p,245 C. Paucity of the 
m aterial made further investigation of the product not possible. 
PL-4 
This compound was eluted with benzene-ethylacetate 
(17:3) and crystallized from chloroform-methanol, m.p.235-36 C. 
It absorbed in the UV at 254 and 290 nm. In the IR two separate 
peaks were visible in the hydroxyl region, at 3515 cm and, 
29CX)-2500 cm"" , The latter taken together with a strong peak in 
the carbonyl region at 1695 cm suggested the compound to carry 
one or more carboxyl functions. In the mass, M * was evident at 
m/z 630, which corresponded to the molecular composition of 
4^0^ 54*^ 6* Examination of its H NMR spectrum (Table 9) led to its 
79 
identification as macrophyllic acid (XXXVI), 
(1:J 
COOH 
COOH 
XXXVII 
Assignment 
H-11 and H-11• 
OH 
i_Pr-CH 
H-7 and H-7' 
i-.Pr{CH3)2 
2XCH2 
2XCH3 
Ma crophyl 
acid 
6.89 
5.07 
3.38 
2.98 
1.37 
1.34 
1.30 
1.02 
Table 9 
lie PL-4 
6.8625 
4.9876 
3.3076 
3.0165 
2.6682 
1.3556 
1.3222 
1.3447 
1.0123 
Multiplicity 
s 
s 
sept 
dd 
ddd 
d, J=6.6 Hz 
d, J=6.6 Hz 
s 
s 
I!u 
PL-5 
Elution of the column with benzene-ethylacetate (4:1) 
yielded a homogeneous solid which was crystallized from methanol, 
m.p.310-12°C. In the Ifi it absorbed at 1770 and 1720 cm~^ and in 
the UV at 220 nm. Signals in the H NMR spectrum were well 
resolved (Table 10) and helpful in identifying this substance as 
inumakilactone B^ "^  (XXXVIII). 
Assignment 
Me-18 
Me-20 
H-1 
H-2 
H-3 
H-5 
H-6 
H-7 
H-11 
H-14 
H-15 and H-•16 
Inumakilac 
1.41 
1.51 
3.63 
3.51 
4.67 
2,16 
5.10 
3.95 
6.78 
5.39 
5.3-6, 
ton 
.0 
Tai 
e B 
Die 
5. 
10 
PL-5 
1.42 
1.54 
3.68 
3.58 
4.70 
2.165 
5.16 
4.00 
6.86 
5.40 
.4-6.06 
Multiplicity 
s 
s 
d, J=4 Hz 
dd, J=4 and 6.5 Hz 
d, J=5.6 Hz 
d, J=5.2 Hz 
dd, J=1.2 and 5.2 Hz 
d, J=1.2 Hz 
s 
d, J=6.5 Hz 
m 
11 
1 
HO' 
6 yy 0 
^ ^ 
16 
•P 
PL-6 
XXXVIII 
This substpnce was eluted from the column by benzene-
ethylacetate (1:4) and was crystallized from chloroform-methanol, 
m.p.275-78 C. It absorbed strongly in the hydroxyl region at 
3450 cm" . It formed a tetraacetate m.p.124-25 C as revealed by 
its NMH spectrum. Further, a signal corresponding to one proton 
at 4,85 (d, J=8 Hz) suggested it to be a glycoside. It was hence 
hydrolysed by refluxing in HCl/acetic acid. The aglycone 
obtained was identified as p-sitosterol and sugar moiety as 
glucose. PL-6, hence, was identified as the glucoside of 
^-sitosterol (XXXIX)®^. 
GIO 
XXXIX 
Leaves of Podocarpus latifolius were also examined 
leading to the isolation of five compounds, viz. PLL-1, PLL-2, 
PLL~3, PLL-4 and PLL-5. 
PLL-1 
This comnound was eluted from the column with benzpne-
ethylacetate (19:-) and crystallized from ethylacetate-petroleum 
ether, m.p.273-74 C, It was characterised as a biflavonoid on 
the basis of colour re^ c^tion and appearance of characteristic 
colour in UV liqht. Methylation of PLL-1 led to the form-^ tion of 
amentofIqvone hexamethyl ether (comparison with authentic sample) 
and acetylation to a tetramethoxy diacetoxy derivative. PLL-1 
J 
had, therefore, to be formulated as tetramethoxyamentoflavone, 
a conclusion which drew further support from the appearance of 
the M * at 594 (C^.H„^0,^) in its mass. PLL-1 was identified as 
'34 26"^ 10' 
'",4',4"'-
of H NMR spectrum of the acetate (Table 11). 
Oft 
amentoflavone 7,7",4 '" tetramethyl ether (XL) on the basis 
Table 11 
Assignment Chemical shift Multiplicity 
H-6 6.49 
H-8 6.52 
H-6" 6.72 
H-5' 7.12 
H-2' 7.95 
H-6' 7.83 
H-2"*,6'" 7.37 
H-3'",5'" 6.76 
H-3 6,55 
H-3" 6.58 
OAc-5 2.A5 
OAc-5" 2.47 
OMe-7 3.86 
OA4e-7" 3.83 
OMe-4' 3.76 
OMe-4'" 3.73 
d, 
d . 
s 
d , 
d , 
q» 
d, 
d, 
s 
s 
s 
s 
s 
s 
s 
s 
J=2.5 
J=2.5 
J=:8.5 
J=2.5 
J=8.5 
J=8.5 
J^8.5 
Hz 
Hz 
Hz 
Hz 
and 2.5 Hz 
Hz 
Hz 
CH 
° - '/ V-C€H3 
OH 0 
// w OCH, 
PLL-2 
XL 
PLL-2 was crystallized from methanol-chloroform, 
o^ m.p.>310 C. It responded positively to the usual flavonoidal 
colour reaqr-nts and FeCl„, It absorbed in the UV at 270 and 
330 nm and in IR at 1670 cm"" . PLL-2 was identified as h?vea — 
87 flavone (XLI) by comp-^ rison of the methyl ether of PLL-2 with 
a sample of amentoflavone hexamethyl ether and examination of 
the NMK of the acetate of PLL-2 (Table 12). 
OCH. 
OH 0 
XLI 
; i 
Table 12 
Assignment Chemical shift Multiplicity 
H-6 6.54 d, J=2.5 Hz 
H-8 6.75 d, J-2.5 Hz 
H-6" 6.80 s 
H-5' 7.32 d, J=:9 Hz 
H-2' 8.07 d, J=2.5 Hz 
H-6' 7.93 q, J=9 and 2.5 Hz 
H-2'",H-6'" 7.43 d, J=9 Hz 
H-3'" ,H-5"* 6.77 d, J=9 Hz 
H-3 6.52 s 
H-3" 6.60 s 
OAc-5 2.43 s 
OAc-5" 2.47 s 
OAc-4' 2.04 s 
OMe-7 3.81 s 
OMe-7" 3.87 s 
OMe-4'"" 3.75 s 
PLL-3 
PLL-3 was crystallized from methanol-chloroform, 
o m.p.224 C. Examination of its methylated product, .r.o. 223 C 
] ^  
and the NMh spectrum of its acetate (Table 13) led to its 
identification as amentoflavone 7",4•"-dimethyl ether (XLII) 
Table 13 
Assignment Chemical shift Multiplicity 
H-6 6.83 d, J=2.5 Hz 
H-8 7.23 d, J=2.5 Hz 
H-6'« 6.70 s 
H-5' 7.38 d, J=9 Hz 
H-2* 8.07 d, J=2.5 Hz 
H-6' 7.90 d, J=9 and 2.5 Hz 
H-2'", H-6'" 7.40 d, J=9 Hz 
H-3"S H-5'" 6.82 d, J=9 Hz 
H-3 6.57 s 
H-3" 6.62 s 
OAc-5 2.40 s 
0Ac5" 2.45 s 
OAc-7 2.28 s 
OAc-4' 2.01 s 
OMe-7" 3.79 s 
OMe-4'" 3.71 s 
J io 
Q-" CH, 
PLL-4 
XLII 
PLL-4 on methylation yielded amentofl?5Vone hexamethyl 
ether (m,p.226-27°C) and on acetylation hexaacetate of amento-
flavone (m.p.240-42*^C). PLL-4 was, therefore, amentoflavone 
(XLIII) 89 
PLL-5 
PLL-5 was found to be identical with PL-6 and hence 
concluded to be p-sitosterol glucoside. 
i i t 
Ailanthus malabarica 
The plant Ailanthus malabarica belongs to the family 
Simarubaceae which is reportedly the only source of the class 
of bitter principles called quassinoids. Plants belonging to 
this family are used in herbal medicine as effective amoebicides 
00,91 
and in the treatm'^nt of dysentery, leukemia, tumour and cancer 
92 Bruceatin (XLIV) a quassinoid, after preliminary screening has 
9' been put on clinical trial by the U.S. National Cancer Institute " 
No systematic attempt h^s been made so far to screen the members 
of the family Simarubaceae found in India for their quassinoid 
content. Our attention was thus drawn towards Ailanthus malabaric 
0 ^ ^ 
XLIV 
• I 3 
A. malabarica is a drug of fairly common use in the 
indigenous system of medicine and is reported to be effective in 
the treatment of dyspepsia, dysentery, bronchitis, opthalmia and 
94 
snake bite . The gum obtained on injuring the plant is collected 
and used in manufacture of joss sticks. 
Previous work on this plant has resulted in the 
isolation of an uncharacterised bitter principle, malanthin, from 
the bark and the novel triterpenoids malabaricol and malabaricane 
95 96 97 diol from its exudate * * , Chemical examination of the heart-
98 
wood has also yielded p-carboline type of alkaloids . However, 
the quassinoid content of this plant has not been examined so far. 
A. malabarica abounds on the western ghats and hence 
the material was procured from Kerala, The bark (2 kg) was dried 
and defatted by extraction with petroleum ether. The defatted 
material was then exhausted with hot ethanol and the combined 
extracts concentrated. The total extract was adsorbed on silica 
gel and the column eluted with mixtures of chloroform and methanol 
containing increasing proportions of methanol. Elution of the 
column with chloroform-methanol (97:3) gave a solid, which after 
repeated crystallization from methanol-acetone melted at 256-58 C 
(AM-2). 
0 
AM-2 was extremely bitter to taste and gave brick red 
colour on treatment with concentrated sulphuric acid, character-
istic of quassinoids carrying an allylic hydroxyl group in ring-A 
(XLV). 
XLV 
The UV spectrum showed only one maxima at 205 nm 
attributable to end absorption of isolated double bond or bonds. 
In the IR spectrum it absorbed at 3400, 3360, 1750, 1730, 1680, 
895 and 840 cm" . Of these, the former two could be attributed 
to hydroxyl functions involved in hydrogen bonding to varying 
degrees. The band at 1750 and 1730 cm" indicated the presence 
of two carbonyl functions in AM-2, 
The NMR spectrum provided conclusive evidence that this 
substance was a quassinoid by the appearance of the ubiqutous 
triplet like lactonic signal corresponding to one proton at 4.69 , 
Apart from the above some other signals in the spectrum could be 
assigned with a fair amount of certainty. A pair of doublets 
IJ / 
appearing at 5.2 and 5.32 (IH each, J=2 Hz) had to arise out of 
an exocyclic methylene functions. Another pair of AB doublets 
appearing at 3.85 (IH, d, J=10 Hz) and 4.1 (IH, d, J=:10 Hz) could 
be attributed to a methylene oxide bridge in ring C arising out 
of functionalisation of the C-8 methyl. Further, a IH doublet 
(J=:12 Hz) appearing at 6,2 could only be attributed to H-15, the 
C-15 carrying an ester appendage. The molecule could, therefore, 
on the basis of evidence presented above, be partially represented 
as (XLVI) 
XLVI 
In the MS the molecular ion peak appeared at 
478.21949 corresponding to the molecular composition C„CLH_.OQ. 
The fragmentation pattern was entirely in line with that proposed 
for quassinoids * and the identification of the fragments 
further helped in placing the two unassigned oxygen atom in (XLVI) 
at positions 11 and 12. Genesis of the various fragment ions is 
depicted in chart XVIII. This led to its characterization as 
13,18-dehydroexcelsin (XLVII). Direct comparison with an 
102 
authentic sample confirmed the identity. 
XLVII 
I J 
XLVII • HO 
OH 
< ^ ^ 
-H 
•. m/z 111 
(C^H^O^)^ 
m/z 247 
XLVII 
XLVII 
XLVII 
HO 
OH 
m/z 231 
m/z 135 
m/z 122 
Chart XVIII 
Sequoiadendron gigantum 
Our interest in the isolation of natural products having 
potential anticancer activity, attracted our attention to this 
plant also which belongs to the family Taxodiaceae, part of the 
class Conifer. Conifers are rich sources of lignans, to which 
103 group belongs podophyllotoxin (XLVIII) , an active anticancer 
agent. 
OCH, 
OCH, 
XLVIII 
This plant is of rare occurrence and the only tree in 
existence in Asia is reported to be in Kashmir. Previous work on 
this plant has resulted in the isolation of biflavonoids and 
sequirenes (norlignans) 
21 
Needles of Sequoiadendron gigantum were collected from 
Kashmir. Air dried needles (5 kg) were extracted with petroleum 
ether and the extracts concentrated. The concentrated petrol 
extract yielded no solid on chilling and hence the whole of it 
was chromatographed on a column of silica gel. This was eluted 
with the usual eluotropic series. Elution with benzene yielded a 
colourless solid (SG~l) and elution with benzene-ethylacetate 
(9:1) yielded another solid SG-2. 
SG-1 
It was crystallized from acetone, m.p.145-6 C. It had 
a multibonded UV spectrum ( A^^^ 237, 293 and 334 nm) and in the 
IR it absorbed at 1735, 1640 and 1600 cm~ . Lack of absorbence 
in the hydroxyl region outruled the possibility of the substance 
being phenolic. 
The NMR spectrum of SG-1 which was recorded in CDCl^ at 
100 MHz was very informative. Two 2H singlets appearinq at 5.95 
and 6,00 could be attributed to methylene dioxy functions, AB 
part of an ABX system was discernible at 2.8, all the eight lines 
being extremely well resolved (J^g=17 Hz, J.y=10 Hz, JDY=4 HZ). 
The chemical shift suggested them to originate out of a benzylic 
methylene. For a benzylic methylene to appear as AB part of an 
ABX system, the neighbouring carbon has to be methenic and 
•^ ' I ^ 
asymmetric in character. The X part of the ABX system appeared as 
an unresolved broad multiplet at 3.75. Further downfield at 4.28 
appeared a doublet (J=5 Hz) integrating for two protons, which 
because of its chemical shift could reasonably be assumed to arise 
out of a methylene attached to an oxygen. Integrating these 
conclusions the structure (XLIX) merged for SG-1 which was 
identical with that of savinine 
XLIX 
SG-2 
SG-2 which was crystallized from methanol, m.p,153-55°C, 
gave a positive Liebermann Burchard test and absorbed in the IR 
at 3400 cm . From the NMR spectrum in which the prominent peaks 
were confined to the C-methyl region 0.70 (3H), 0.80 (3H), 
il 0 
0.85 (3H), 0.90 (6H) and 1.65 (3H) it appeared to be a steroid. 
Further, in the mass spectrum the molecular ion peak appeared at 
m/z 414 (C^^H^^O) and fragment ions at m/z 396, 381, 330, 304, 
273, 255, 214 and 213. Its identification as stigmast-22-ene-3-ol 
(L) followed the formation of an acetate m.p.l25 C 
Alcoholic Extract 
Defatted plant material was extracted with ethanol and 
the concentrated alcoholic extract chromptographed on a column of 
silica gel, Elution of the column with benzene-ethylacetate (4:1) 
afforded SGM~1, m.p.>310 C. It gave a positive test with FeCl^ 
and was difficulty soluble in methanol. It was hence derivatised 
to yield the methyl ether and the acetate. 
Methylated product of SGM-1 was identified as amento-
flavone hexamethyl ether, on the basis of m.p., m.p.p, and 
co-TLC examination with authentic sample. 
The NMR of the acetate of SGM-1 showed that it carried 
one methoxyl group and five acetoxyl functions. Careful analysis 
of its NMR spectrum (Table 14) led to the identification of SGM-1 
as bilobetin 'OS^lOg^ 
iH 0 
LI 
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Table 14 
Assignment Chemical s h i f t M u l t i p l i c i t y 
H-6 6.87 
H-8 7.27 
H - 6 " 6.99 
H-5 ' 7 .31 
H-2' 8.02 
H-6 ' 7 .98 
H - 2 ' " , H-6 ' " 7.49 
H - 3 ' " , H - 5 ' " .6.81 
H-3 6.68 
H - 3 " 6.60 
OAc-5 2 .48 
OAc-5" 2 .54 
OAc-7 2 .35 
OAc-7" 2 .10 
OAc-4'" 2 .14 
OMe-4' 3.77 
d, 
d , 
s 
d , 
d, 
q» 
d , 
d , 
s 
s 
s 
s 
s 
s 
s 
s 
J=2 .5 Hz 
J=2 .5 Hz 
J=9 Hz 
J=2 .5 Hz 
J=9 and 2 .5 Hz 
J=9 Hz 
J=9 Hz 
EXPERIMENTAL 
I Jo 
General Experimental Procedures 
Melting points were determined using a Kofler block 
and are uncorrected. UV spectra were recorded in MeOH on a 
Unicam PU8800 spectrophotometer and IR spectra in KBr/Nujol on 
a PYE-Lfnicam SP3-100 spectrophotometer. H NMR were determined 
variously on Varian A60D (60 MHz), Varian X-100, Jeol FX-lOO 
(100 MHz), Brucker 300 and 400 instruments using TMS as internal 
standard, in CDCl^, DMSO-d^ or pyridine-d^. -^ C^ NMR, 2D NMR and 
acurate mass spectra were provided by Prof. G. Ourisson, 
Universite Lous Pasteur de Stasbourg, France. Mass spectra were 
recorded on a Jeol D300 spectrometer. 
Column chromatography was carried over B.D.H. silica 
gel (60-120 mesh) and TLC over silica gel 2^ )54 (E» Merck). Iodine, 
phosphomolybdic acid or alcoholic ferric chloride were used for 
visualisation of TLC plate. 
'•21 
Synthesis of Flavones 
General Experimental Procedure 
To a mixture of equimolar quantities of phenylpropiolic 
acid (^PA) and the phenol was added sufficient quantity (q.s.) of 
polyphosphoric acid (PPA) and the paste obtained on mixing the 
contents heated on a water bath for one hour. Crushed ice was 
added to the cooled mixture and the precipitate formed extracted 
with ether. The extract was washed with aqueous NaHCO^, dried 
and ether distilled off. The solid residue left behind was 
adsorbed on a column of silica gel and chromatographed to yield 
the flavone and 4-phenyl coumarin. When acylation was carried 
out in presence of polyphosphoric acid and sulphuric acid, the 
required qu;?ntity of H^SO. was added to PPA prior to the addition 
of phenylpropiolic acid and phenol. 
8-Hydroxyflavone (Vila) 
Reactants: (fPA (1.46 g, 0.01 mole), catechol (1.10 g, 0.01 mole), 
PPA (q.s.) and H2SO. (0.5 ml), time 1 hr, eluted from column with 
ethyl acetate-benzene and crystallized from methanol, m.p.250 C 
(lit.245*^0), yield 0.714 g (25^^). 
UV ^^e°" : 267 and 300 nm. 
max. 
IR(KBr) i)„,^ : 3100 and 1628 cm'"'-. 
Ilia X • 
'26 
NMR(CDCl3+DMS0-d^) : S 6.84 (IH, s, H-3); 7.25 (IH, dd, J^=9 Hz 
and J2=2 Hz, H-7); 7.5-7.6 (4H, m, H-6, 
H-3', H-4',H-5'); 8.00-8.20 (3H, m, H-2', 
H-6', H-5). 
Acetate of Vila 
The flavone (30 mg) was dissolved in pyridine (1 ml) 
and acetic anhydride (1 ml) added to it. The mixture was kept 
overnight and this product isolated by addition to cold water 
followed by filtration. It was crystallized from methanol, 
m.p.l35°C (lit. 136.8°C). 
NMR(CDCl2) • ^ ^'^^ ^^"' ^* OAc); 6.82 (IH, s, H-3); 
7.37 (IH, d, J=8 Hz, H-6); 7.48-7.70 (4H, 
m, H-3', H-4', H-5', H-7); 7.78-8.00 (2H, 
m, H-2', H-6'); 8.16 (IH, dd, Jj^ =8 Hz and 
J2=2.5 Hz, H-5). 
7-Hydroxyflavone (Vllb) 
Reactants: (()PA (1.46 g, 0.01 mole), resorcinol (1.10 g, 0.01 mole), 
PPA (q.s.) and H2S0^ (0.5 ml), time 1 Hr, eluted from column with 
ethyl acetate-benzene and crystallized from methanol, m.p.245°C 
(lit.240°C), yield 0.595 (25X). 
2a 
^ ^MeOH . 252 and 308 nm. 
max. 
IR(KBr) ^ : 1628 cm"-'-
^ max. 
NMR(CDCl3+DMS0-cl^) : S 6.74 (IH, s, H-3); 6.95 (IH, dd, Jj^ =8 Hz 
and J2=2 Hz, H-6); 7.00 (IH, s, H-8); 7.50-
7.70 (3H, m, H-3', H-4', H-5'); 7.85-7.95 
(3H, m, H-2', H-6'); 8.03 (IH, d, J=8 Hz, 
H-5). 
Acetate of Vllb 
The acetate was prepared by treating (Vllb) with acetic 
anhydride and pyridine in the cold as described earlier. The 
acetate was crystallized from methanol, m.p.l35 C (lit. 129-30 C). 
NMR(CDCl3) : S 2.33 (3H, s, OAc); 6.84 (IH, s, H-3); 
7.16 (IH, dd, Jj,=8 Hz and 3^=2 Hz, H-6); 
7.42 (IH, d, J=2 Hz, H-8); 7.50-7.68 (3H, 
m, H-3', H-4', H-5'); 7.83-8.00 (3H, m, 
H-2', H-6'); 8.27 (IH, d, J=8 Hz, H-5). 
6-Hydroxyflavone (Vile) 
Reactants: 0PA (1.46 g, 0.01 mole), hydroquinone (1,10 g, 
0.01 mole), PPA (q.s.) and HgSO^ (0.5 ml), time 1 hr, eluted 
from column with ethyl acetate-benzene and crystallized from 
ethyl acetate, m.p.235°C (lit. 234°C), yield 1.07 g (45^). 
• <) 
^ ^MeOH . 270 and 303 ran. 
max. 
IR(KBr) i) : 1638 cm~^. 
max. 
NMRlCDCl^+DMSO-d^) : 5 6.82 ( IH, s , H-3) ; 7 .30 ( IH, dd, J=2 and 
8 Hz, H-.7); 7.45 (IH, d, J=8 Hz, H-8); 
7 . 5 0 - 7 . 7 0 (4H, m, H - 3 ' , H - 4 ' , H - 5 ' , H-5); 
7 . 9 0 - 8 . 1 0 (2H, m, H-2«, H - 6 ' ) . 
Acetate of VIIc 
Acetylation of VIIc with pyridine and acetic anhydride 
in the cold gave the monoacetate which was crystallized from 
methanol, m.p.l58°C (lit. 157°C). 
NMR(CDCl3) ; S 2.33 (3H, s, OAc); 6.82 (IH, s, H-3); 
7.48-7.60 (5H, m, H-3', H-4', H-5', H-7, 
H-8); 7.94 (2H, m, H-2', H-6'); 8.02 
(IH, d, J=2 Hz, H-5). 
5,7-Dihydroxyflavone or chrysin (Vlld) 
Reactants: (^PA (1.46 g, 0.01 mole), phloroglucinol (1.26 g, 
0.01 mole), PPA (q.s.) and H2SO4 (0.5 ml), time 1 hr, eluted 
from column with ethyl acetate-benzene and crystallized from 
methanol, m.p.278°C (lit. 289°C) , yield 0.381 g (l^-/.), 
1' ') 
• ,-11 
UV A^®^" : 270 and 313 nm. 
max. 
IR(KBr) ^„ : 1655 cm"-"-. 
NMRCCDCl^+DMSO-d^) : S 6.17 (IH, d, J=2 Hz, H-6); 6.40 (IH, d, 
J=2 Hz, H-8); 6.51 (IH, s, H-3); 7.37-7.52 
(3H, m, H-3', H-4', H-5'); 7.77-7.90 (2H, 
m, H-2', H-6'); 11.5 (OH-5). 
Acetate of Vlld 
Acetylation of '^ Ild with pyridine and acetic anhydride 
in a similar manner as has been described earlier gave the 
diacetate. It was crystallized from methanol, m,p.l98 C 
(lit. 198-201°C) . 
NMR(CDCl3) * ^ ^*^^ ^^^* ^* *^ A^ )» 2.45 (3H, s, OAc) , 
6.68 (IH, s, H-3); 6.85 (IH, d, J=2 Hz, 
H-6); 7.40 (IH, d, J=2 Hz, H-8); 7.50-7.60 
(3H, m, H-3', H-4', H-5'); 7.84-8.00 (2H, 
m, H-2', H-6'). 
Ki^ 
Aleurites fordii 
Stem wood (5 kg) of Aleurites fordii (Euphorbiaceae) 
collected from the campus of the Forest Research Institute, 
Dehra Dun, was cut into small pieces and defatted four times by 
refluxing with petroleum ether (60-80 C). The plant material was 
then spread out, dried free of solvent and then extracted 
repeatedly by refluxing with ethanol. The extracts were combined 
and concentrated by distillation. TLC examination of the 
concentrated alcoholic extract revealed it to be mixture, and 
hence, it was chromatographed on column of silica gel. 
Chromatography of the alcoholic extract 
The concentrated alcoholic extract was absorbed on 
silica gel and the slurry dried by spreading it out. The powder 
so obtained was deposited on a column of silica gel and the 
column eluted with benzene containing increasing quantity of 
ethyl acetate. Fractions collected were monitored by TLC [silica 
gel, MeOH-CHCl-,; (1:19) visualized with iodine] appropriate 
fractions were combined. 
AF-9 
Fraction numbers 10-15, eluted with benzene-ethyl 
acetate (4:1), when examined by TLC [silica gel, MeOH-chloroform 
:]o 
(1:19) visualized by blue fluorescence in UV light] were found 
to contain the same component. These fractions were combined 
and the solvent distilled off. The residue obtained as a solid 
was crystallized from methanol to give crystals m,p,238-39 C. 
Spectral data 
UV X MeOH 
max. 
IR(KBr) 9 
max. 
240 and 320 nm. 
3470 (OH), 1735 (0=0), 1620 (C=C), 1460, 
1229, 1120, 1040 and 840 cm -1 
NMR(60 MHz)DMSO-d^ : S 3,93 (6H, s, 2xOMe); 5.02 (IH, d, J=7 Hz, 
H-7'); 6,13 (IH, d, J=9.5 Hz, H-3); 6,66 
(IH, s, H-8); 6,72 (2H, s, H-2' and 6'); 
7.92 (IH, d, J=9.5 Hz, H-4). 
Mass(high resolution) m/z 416,1107 (Mt) calculated for 
Mass(low resolution) m/z 416 (Mt), 398, 210, 208, 182, 167, 154. 
Acetylation of AF-9 
AF--9 was dissolved in minimum volume of pyridine to 
which was added as equal volume of freshly distilled acetic 
anhydride. This solution was kept overnight and then heated on 
.it 
a water bath for half an hour. The solution was then cooled and 
the substance precipitated by pouring the solution on crushed ice. 
The solid was isolated by filtration, washed free of pyridine and 
dried. The powder obtained was crystallized from methanol to give 
shining needles m.p.l90 C. 
Spectral data 
NMR(200 MHz)CDCl. 
13 C-NMRCCDCI^) 
: S 2.07 (3H, s, OAc); 2.36 (3H, s, OAc); 
3.84 (6H, s, 2xOMe); 3.96 (3H, s, OMe); 
4.11 (IH, dd, J=12.1 and 4.32 Hz, H-9'); 
4.279 (IH, Qi, H-8'); 4.42 (IH, dd, 
Jj^ =12.1 Hz, J2=3.3 Hz, H-9'); 5.01 (IH, d, 
J=7.66 Hz, H-7'); 6.23 (IH, d, J=9.659 Hz, 
H-3); 6.55 (IH, s, H-8); 6.62 (2H, s, H-2' 
and 6'); 7.92 (IH, d, J=9.663 Hz, H-4). 
: S 20.39 (COCH3); 20.62 (COCH3); 56.31 
(2XOCH3); 56.6 (OCH3); 62.59 (C-9'); 75.23 
(C-8'); 77.40 (C-7'); 93.33 (C-8); 103.3 
(C-IO); 104.00 (C-2' and C-6'); 112.31 
(C-3); 128.9 (C-6); 129.10 (C-4'); 133.00 
(C-1'); 137.64 (C-4); 139.50 (C-5); 149.6 
(C-9); 152.30 (C-7); 152.74 (C-3' and C-5'); 
161.21 (C=0); 168.36 (C=0); 170.22 (C=0). 
DEPT Experiments 
Two DEPT experiments were performed on Brucker 200 
using polarization transfer pulses 90 and 135 , respectively, 
obtaining in the former case only CH groups and in the latter 
case positive signal for CH and CH,, and negative ones for CH^ 
groups. 
DEPT 90 C CH : S 75.24, 77.35, 93.25, 103.88, 112.32, 
116.62, 137.76. 
DEPT 135 C J Pair Neg. : J Impair Pos. 
Positive Signals : S 20.46, 20.75, 56.31, 56.56, 75.24, 
77.35, 93.25, 103.88, 112.32, 116.64, 
137.76. 
Negative Signals : 5 62,64, 
Non-decoupled spectrum (CDC1_) 
S 56.31 (OMe, q, J=145 Hz); 56.6 (OMe, q, J=145 Hz); 
62.59 (C-9', t, J=157o5 Hz); 75.23 (C-8', br d, J=155 Hz); 77.4 
(C-7', br d, J=155 Hz); 93.33 (C-8, d, J=165 Hz); 103.3 (C-10, 
dd, Jj^ =8 Hz, J2=5 Hz); 104,00 (C-2' and C-6', dddd, Jj,=157.5 Hz, 
J2=8 Hz and J^=b Hz); 112,31 (C-3, d, J=172,5 Hz); 128,9 (C-6, d, 
J=7,5 Hz); 129.10 (C-4', t, J=7,5 Hz); 133,00 (C-1', br s); 
Ho 
137.64 (C-4, d, J=167.5 Hz); 139.5 (C-5, d, J=5 Hz); 149.64 
(C-9, t, J=6 Hz); 152.30 (C-7, t, J=4 Hz); 152.74 (C-3' and C-5', 
br s); 161.21 (C-2, dd, J^=10 Hz and J2=4 Hz). 
Mass : m/z 500 (Mt), 458, 398, 252, 210, 181 and 
167. 
Chromatography of the petroleum ether extract 
The concentrated petroleum ether extract was chromato-
graphed on a coJumn of silica gel and the column eluted with 
petroleum ether, benzene, and ethyl acetate and their mixtures in 
the appropriate sequence. 
AF-2(5,6,7-trimethoxy coumarin) 
Elution of the column with benzene afforded AF-2. It 
was crystallized from methanol as colourless needles, m.p.75 C. 
UV A JJJ^ °" : 230 and 320 nm. 
max. 
IR(Nujol) 9 : 2900, 1730 (C=0), 1609 (C=C) , 1450, 1370, 
1250, 1190, 1120, 1020 and 820 cm""-"". 
NMR(CDCl3) • ^ "^ -90 (H-4, d, J=9.5 Hz); 6.61 (H-3, H-5); 
6.22 (H-3, d, J=9.5 Hz); 3.97 (OMe, s); 
3.90 (OMe, s); 4.03 (OMe, s). 
13 C-NmiCDCl^) 
Mass 
S 56o20 (OMe), 60.98 (OMe) 
95o45 ( C - 8 ) ; 106o99 (C-10) 
138.03 ( C - 6 ) ; 138.60 (C-4) 
151o36 ( C - 7 ) ; 157ol6 (C-9) 
61o63 (OMe), 
112o24 (C-3); 
149.15 (C-5); 
160o83 (C-2)o 
m/z 336 (Mt), 221, 193, 178, 150, 135, 95 
and 67o 
; A ,.3 
Podocarpus latifolius 
The stem-wood (5 kg) was extracted repeatedly with 
acetone. The acetone extract on concentration gave a dark brown 
gummy paste. This gummy paste was dissolved in methanol and 
refrigerated. It yielded no solid and hence the whole of it was 
chromatographed on column of silica gel. This was eluted using 
petroleum ether-benzene-ethyl acetate and their mixtures of 
increasing polarity. 
Elution of the column with benzene yielded a solid, 
PL-1, PL-2, and with benzene-ethyl acetate (17:3) PL-3, m.po245 C 
the structure elucidation of which is under progress. This eluate 
was further chromatographed to give PL-4. Further elution of the 
column with benzene-ethyl acetate (4:1) and (1:4) yielded PL-5 
and PL-6 respectively. All compounds were found homogeneous on 
TLC and having sharp melting points. 
PL-2 (e-sitosterol) 
It was crystallized as colorless needles from methanol, 
m.p.l35 C and gave a positive Liebermann Burchard test. 
Spectral data 
IR(KBr) i) ^^^ : 3430, 2930, 2870, 1640, 1460, 1380, 1060, 
1025, 970, 960, 840 and 800 cm"-*-. 
nj 
•^H-NMRCCDCI^) : S 0.66 (3H, s, CH3-I8); 1.00 (3H, s, 
CH3-I9); 0.80-0.90 (12H, m, 4XCH3); 1.68 
(OH, D^O exchangeable); 3.48 (IH, m, H-3); 
5.32 (IH, m, C=C-H). 
Mass(rel. int.) : m/z 414, 399 (2.5), 396 (35), 303 (35), 273 
(30), 255 (45), 231 (35) and 43 (100). 
PL-'4 (macrophyllic acid) 
PL-4 was crystallized from chloroform-methanol, m.p.235-
36°C. 
Spectral data 
UV ^^®°" : 254 and 290 nm. 
max. 
iR(KBr) S) „^^ : 3515, 2900-2500 (OH), 1695 (0=0) and 
1180 cm"""" (phenolic C-OH) 
-'•H-NMR(300 MHz)CDCl3: S 1.0123 (6H, s, CH^); 1.3222 [6H, d, 
J=6.6 Hz, i-Pr(CH3)2]; ^'^'^^'^ (^"» s, CH^); 
1.3556 [5H, d, J=6.6 Hz, i-Pr(CH3)2]; 2.6682 
(2H, ddd, J=18, 12, 6 Hz, H-7); 3.0165 
(2H, dd, J=18 and 7 Hz, H-7); 3.3076 (2H, 
sept., J=7 Hz, i-Pr C-H); 4.9876 (2H, s, 
OH-13,13'); 6.8625 (2H, s, H-11, H-11'). 
d 
Mass : m/z 630 (Mt), 616, 504, 430, 315, 302, 
255 and 213. 
PL-5 (inumakilactone B) 
PL-5 was crystallized from methanol as colourless 
needles, m.p.310-12 C. 
Spectral data 
UV X MeOH 
max. 
IR(KBr) i) 
max, 
•^H-NMR(100 MHz) 
P y r i d i n e - d c 
220 nm, 
3520 (OH), 1770 (Y-lactone function), 1720 
(a,p-unsaturated S-lactone group), 1645, 
1460, 1420, 1310, 1240, 1220, 1090 and 
890 cm""-'-, 
S 1.42 (3H, s, CH3-I8); 1.54 (3H, s, 
CH3-2O); 2.165 (IH, d, J=5.2 Hz, H-5); 
3.58 (IH, dd, J=4.0 and 6.5 Hz, H-2); 
3.68 (IH, d, J=4.0 Hz, H-l); 4.00 (IH, d, 
J=1.2 Hz, H-7); 4.70 (IH, J=5.6 Hz, H-3); 
5.16 (IH, dd, J=1.2 and 5.2 Hz, H-6); 5.40 
(IH, d, J=6.5 Hz, H-14); 5.4-6.06 (2H, m, 
H-15, H-16). 
i ^ll 
PL--6 (glucoside of ^-sitosterol) 
It was crystallized from chlorofrom-methanol, 
m.p.275-78°C. 
iR(Nujol) \> ^^^^ : 3450 cm~^. 
Mass : m/z 414 (Mt~179), 396 and 303. 
Acetylation of PL-6 
50 mg of the compound was dissolved in 1 ml pyridine 
and two drops of acetic anhydride added to it. The mixture was 
kept at room temperature overnight and then heated on water bath 
for an hour. work up in the usual manner yielded the acetate 
which was crystallised from methanol m.p.124-25 C. 
NMR(300 MHz)CDCl2 : S 1.98 (3H, s, Ac); 2.0 (3H, s, Ac); 2.01 
(3H, s, Ac); 2.05 (3H, s, Ac) and 4.55 
(IH, d, J=8 Hz). 
•^ C^-NMR of acetate of PL-6 
^ll.aSOS (C-18); 18.8142 (C-21); 19.0672 (C-29), 19.3060 
(C-19); 19.8063 (C-28); 21.0691 (C-27); 21.0891 (C-11), 23.1480 
(C-26); 24.297 (C-23, C-15); 28.1942 (C-16, C-25); 31.9493 (C-7, 
C-8); 34.0241 (C-2); 36.1309 (C-10, C-20, C-22); 37.2658 (C-l,C-4); 
^t L, 
39o8090 (C-12); 45o9400 (C-13); 50.2744 (C-9); 56ol708 (C-17); 
56.8143 (C-14); 62.216 (C-6')} 68.7445 (C-3); 71.6662 (C-5'); 
71o76 (C-4'); 73.0195 (C-2'); 74o5 (C-3'); 99.6890 (C-1'); 
122o22 (C-6); 140o36 (C-5); 169.35, 170.60 (4xC=0)o 
Hydrolysis of PL-6 
100 mg of the compound was refluxed in a mixture of 
HCl (2 ml) and acetic acid (1 ml) for two hours. The solid which 
made its appearance during this period was filtered, washed with 
water and crystallized from methanol, m.p.l39-40°C, mixed melting 
points with sitosterol, 139-41 C, 
Extraction of the leaves 
The dried leaves (3 kg) were extracted with alcohol 
and then concentrated. The concentrated extract was chromato-
graphed on column of silica gel with benzene-ethyl acetate 
mixtures of increasing polarity. Altogether 110 fractions of 
100 ml each were collected. All fractions were subjected to 
TLC examination [CHCl^-MeOH (19:3) and benzene-pyridine-formic 
acid (36:9:5)] visualised using phosphomolybdic acid and FeCl^ 
(Table). 
'4'. 
Methylation of PLL-1 
PLL-1 (50 mg), anhydrous potassium carbonate (1 gm), 
dimethylsulphate (1 ml) and dry acetone (200 ml) was refluxed 
on a water bath for 12 hours. Periodically aliquot was removed 
and tested with FeCl^ and refluxing continued till the FeClo 
test was negative. The K^CO^ was then filtered off and the 
residue washed several time with hot acetone. The filtrate and 
washings were combined and evaporated to dryness. The yellow 
oil mass left behind was treated with petroleum ether and then 
dissolved in chloroform. The chloroform solution was washed 
with water, dried over anhydrous Na^SO. and concentrated to give 
a crude solid. It was purified on column of silica gel usinq 
chloroform as the eluent. 
The methylated product, on TLC examination was found 
to be amentoflevone hexamethyl ether (R^ value, characteristic 
fluorescence in UV light). It was crystallized from methano' as 
colourless needles, m.p.226-27 C, mixed melting point 226 C. 
Acetylation of PLL-1 
PLL-1 (50 mg) was dissolved in pyridine (1 ml) and 
acetic anhydride (1 ml) added to it. This mixture was kept at 
room temperature overnight and then heated on the water bath for 
an hour. Work up in usual manner yielded the acetate, which was 
crystallized from chloroform-methanol m.p,224-28°C. 
'45 
•"•H-NMRCCDClg) : ^ 2 . 4 5 (3H, s , OAc-5), 2 .47 (3H, s , OAc-s ' ) ; 
3.73 (3H, s , OMe-4 '") ; 3.76 (3H, s , OMe-4'); 
3 .83 (3H, s , OMe-7"); 3.86 (3H, s , OMe-7); 
6.49 (IH, d, J=2.5 Hz, H-6 ) ; 6.52 (IH, d, 
J=2.5 Hz, H-8) ; 6.55 (IH, s , H-3) ; 6.58 
(IH, s , H - s ' ' ) ; 6.72 ( IH, s , H-6 ' ' ) ; 6.76 
(2H, d, J=8 .5 Hz, H-3 ' " ' , H - 5 ' " ) ; 7.12 
(IH, d, J=8 .5 Hz, H - 5 ' ) ; 7 .37 (2H, d, 
J=8 .5 Hz, H-2 '" , H - 6 ' " ) ; 7 .83 (IH, q, 
J^=8.5 Hz, J2=2.5 Hz, H - 6 ' ) ; 7 .95 (IH, d, 
J=2 .5 Hz, H - 2 ' ) . 
PLL-2 (heveaflavone) 
It was crystallized from methanol-chloroform as light 
coloured crystals, m.p,>310 C, 
UV A'^^*^" : 270 and 330 nm. 
max. 
MeOH-NaOAc A „ „ : 230, 270 and 330 nm. 
max 
MeOH-MCl, A ^^^ : 232, 276 and 340 nm. 
iR(KBr) i ) ^ _ : 1670 cm~^. 
max. 
Mass : m/z 580 (Mt), 389, 202, 168, 135, 
4G 
Methylation of PLL-2 
PLL-2 was methylated with dimethyl sulphate as 
described in the case of PLL-1 and crystallized from methanol, 
m.p.228°C. It was found to be amentoflavone hexamethyl ether. 
Acetylation of PLL-2 
Anhydrous PLL-2 (50 mg) was dissolved in pyridine 
(1 ml) and acetic anhydride (1 ml) added to it. This mixture 
was kept at room temperature overnight and then heated on the 
water bath for an hour. Work up in usual manner yielded the 
acetate which was crystallized from methanol, m,po232 C. 
•^H-NMRCCDCl^+DMSO-d^): S 2o04 (3H, s, OAc-4'); 2.43 (3H, s, 
OAc-5)} 2.47 (3H, s, OAc-s'^); 3.75 
(3H, s, OMe-4'"); 3.81 (3H, s, OMe-7); 
3.87 (3H, s, OMe-7'0; 6.52 (IH, s, H-3); 
6.54 (IH, d, J=2.5 Hz, H-6); 6.60 
(IH, s, H-3^; 6.75 (IH, d, J=2.5 Hz,H-8); 
6.80 (IH, s, H-6'^); 6.77 (2H, d, J=9 Hz, 
H-3"', H-5'"); 7.32 (IH, d, J=9 Hz, H-5'); 
7.43 (2H, d, J=9 Hz, H-2"% H-6"'); 7.93 
(IH, g, Jj^ =9 Hz, J2=2.5 Hz, H-6'); 8.07 
(IH, d, J=2.5 Hz, H-2'). 
J 4 / 
PLL--3 (amentoflavone 7" ,4"'-dimethyl ether) 
PLL-3 was crystallized from methanol-chloroform, 
m.p.224°C. 
yy ^ MeOH . 220, 272 and 330 nm. 
max. 
MeOH-NaOAc A : 230, 780 and 345 nm. 
'^' max, 
MeOH-H^BO, A„,^ : 220, 270 and 330 nm. 
Mass : m/z 566 ( M I ) , 389, 283, 267, 207, 153, 
152 and 135. 
Methylation of PLL-3 
PLL-3 was methylated with dimethyl sulphate and anhyd. 
K_C0^ in boiling dry acetone. After usual work up and TLC 
examination, the methylated product was found to be amento-
flavone hexamethyl ether. It was crystallised from methanol as 
colourless needles, m.p.223 C, 
Acetylation of PLL-3 
PLL-3 (40 mg) was acetylated with acetic anhydride and 
pyridine as described earlier. It was crystallised from methanol 
as colourless needles, m.p.232-35 C. 
H6 
•'•H-NMR(CDCl2+DMS0-d^): S 2.01 (3H, s, OAc-4'); 2.28 (3H, s, OAc-7); 
V/N 2.40 (3H, s, OAc-5); 2.45 (3H, s, OAc-5 ); 
3.71 (3H, s, OMe-4'"); 3.79 (3H, s, OMe-7''); 
3.79 (3H, s, OMe-7'^); 6.57 (IH, s, H-3); 
6.62 (IH, s, H-3"); 6.70 (IH, s, H-6''); 
6.82 (2H, d, J=9 Hz, H-3'" ,H-5'"); 6.83 
(IH, d, J=2.5 Hz, H-6)j 7.23 (IH, d, 
J=2.5 Hz, H-8); 7.38 (IH, d, J=9 Hz, H-5'); 
7.40 (2H, d, J=9 Hz, H-2'"', H-6'"'); 7.90 
(IH, q, J^=9 Hz, J2=2.5 Hz., H-6'); 8.07 
(IH, d, J=2.5 Hz, H-2'). 
PLL-4 (amentoflavone) 
PLL-4 was methylated and acetylated as described 
earlier. The methyl ether, m.p.226-27 C was found to be identical 
with amentoflavone hexamethyl ether, on the basis of TLC, m.p, and 
m.m.p. examinations. The acetate was crystallised from CHCl^-MeOH 
as colourless needles, m.p.240-42*^0. 
'H-NMR(CDCl3) : 8 2.05 (3H, s, H-4'); 2.11 (3H, s, OAc-7''); 
2.14 (3H, s, OAc-4'"); 2.28 (3H, s, OAc-7); 
2.41 (3H, s, OAc-s''); 2.46 (3H, s, OAc-5); 
6.65 (IH, s, H-3 ); 6.68 (IH, s, H-i^; 6.84 
(IH, d, J=2.5 Hz, H-6); 7.01 (IH, s, H-6''^ ); 
HJ 
7.06 (2H, d, J=8 .5 Hz, H - s " ' , H-5'" ) ; 7.26 
(IH, d, J=2 .5 Hz, H-8) ; 7 .46 ( IH, d, 
J=8.5 Hz, H - 5 ' ) ; 7 .49 (2H, d, J=8.5 Hz, 
H - 2 ' " , H - 6 ' " ) ; 7 .98 ( IH, q , Jj^=8.5 Hz, 
J2=2.5 Hz, H - 6 ' ) ; 8.03 ( IH, d, J=2.5 Hz, 
H - 2 • ) . 
].)0 
Ailanthus malabarica 
Isolation 
The powdered bark (2 kg) was defatted by refluxing with 
light petroleum ether (60-80*^C), The defatted bark was extracted 
repeatedly with ethanol. The ethanol extract on concentration gave 
a dark brown gummy paste. This gummy paste was dissolved in ethanol 
and refrigerated. It yielded no solid and hence the whole of it was 
chromatographed on a column of silica gel. This was eluted with the 
usual eluotropic series. 
Elution with chloroform-methanol (97:3) yielded a solid 
which was homogeneous on TLC. The solid was purified by repeated 
crystallisation to give colourless crystalline solid m.p«256-58 C 
(150 mg). (AM-2). 
Spectral data 
UV A ^l^^ : 205 nm. ' 
max. 
IR(Nujol) )l : 3400, 3360, 1750, 1730, 1680, 895 and 
Tn3X • 
840 cm" . 
NMR(C^D^N) : S 0.93 (3H, t, J=7 Hz, CH^-CH^); 1.13 
(3H, d, CH3-2); 1.62 (3H, s, CH^-IO); 
1.65 (3H, s, CH3-4); 3.08 (IH, d, J=12 Hz, 
H-14); 3.34 (IH, s, H~9); 3.85, 4-10 
i Di 
Mass(rel. int.) 
(IH each, d, J=10 Hz, -CH2-O); 4.69 (IH, 
br t, H-7); 6o20 (IH, d, J=12 Hz, H-15); 
5.71 (IH, br,s, H-3); 5o2, 5.32 (IH each, 
d, J=2 Hz, =CH2); 3,9 (IH, d, J=5 Hz, H-l); 
4.56 (IH, s, H-12); 4.5 (IH, br m, H-2). 
m/z 478.2194 (M"*", 7.7); 460 (22.5); 378 
(20.8); 361 (80.4); 376 (91.4); 360 
(73.3); 377 (22.0), 332 (27.2); 314 (20.2); 
229 (20.5); 248 (5.9); 232 (35.6); 231 
(100.0); 233 (63.0); 217 (14.0); 135 
(79.82); 122 (75.7); 85, 101 and 57. 
1 :)u 
Sequoiadendron gigantum 
I so la t ion 
Air dried needles (5 kg) of Sequoiadendron gigantum 
were cut into small pieces and exhaustively extracted with 
petroleum ether (60-80 C) in a soxhlet. Evaporation of the 
solvent left a gummy mass (100 g) which was absorbed on silica 
gel and chromatographed on a column of a silica gel. Elution 
with petroleum ether afforded only fatty material which was not 
studied further. Elution with benzene yielded SG-1 and elution 
with benzene-ethyl acetate (9:1) yielded another solid SG-2. 
SG-1 (Savinine) 
It was crystallised from acetone (400 mg), yielding 
large colourless transparent prisms m.p,145-46 C. 
Spectral data 
UV A ^^?" : 237, 293 and 334 nm. 
max. ' 
IR(Nujol) i) ^^^ : 1735, 1640 and 1600 cm"""-, 
max. 
NMR(100 MHz in CDCl^): S 2.8 (2H, AB part of ABX, Jp^Q^ll Hz, 
J^^IO Hz, JBX=4 Hz); 3.75 (X part of ABX); 
4.28 (2H, d, J=5 Hz); 5.95 (2H,s,-0-CH2~0-); 
J :)J 
: 6.06 (2H,s,-0-CH2-0-); 6.6-7.2 (6H, multiplet 
aromatic); 7,5 (IH, s, C-6). 
SG-2 (stiqmast-22-ene-3-ol) 
SG-2 which was crystallized from methanol, m.p.153-55 C 
gave a positive Liebermann Burchard test. 
Spectral data 
IR(KBr) D^g^^^ : 3400 cm"-*" (OH). 
NMR(CDCl3) : d 0.70 (3H, s); 0.80 (3H, s); 0.85 (3H, s); 
0.90 (6H, s); 1.65 (3H, s). 
Mass : m/z 414 (Mt), 396, 381, 330, 304, 273, 255, 
214 and 213. 
Acetylation of SG-2 
SG-2 was dissolved in pyridine solution and acetic 
anhydride added to it. The mixture was kept at room'temperature 
overnight. The reaction mixture was worked up in the usual 
manner. The solid so obtained was crystallized from methanol, 
m.p.l25°C. 
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Alcoholic extract 
Defatted plant material was extracted with ethanol and 
the concentrated alcoholic extract chromatographed on a column 
of silica gel. Elution of the column with benzene-ethyl acetate 
(4:1) afforded SGM-1, m.p,>310°C. It gave a positive test with 
FeClg. 
Methylation of SGM~1 
SGM-2 was methylated with dimethyl sulphate and anhyd. 
K^CO_ in boiling dry acetone. After-usual work up and TLC 
examination, methylated product was found to be amentoflavone 
hexamethyl ether (m.p.228°C). 
Acetylation of SGM-1 
SGM-1 (40 mg) was acetylated with acetic anhydride and 
pyridine as usual. It was crystallized from methanol as colour-
less needles, ra.p,245 C. 
NMR(CDCl2) : S 2.10 (3H, s, OAc-v'^; 2.14 (3H, s, OAc-4' ) 
2.35 (3H, s, OAc-7); 2.48 (3H, s, OAc-5); 
2.54 (3H, s, OAc-s"); 3.77 (3H, s, CH3-4'); 
6.60 (IH, s, H-3"); 6.68 (IH, s, H-3); 6.81 
(2H, d, J=9 Hz, H-3'",H-5'"); 6.87 (IH, d, 
J=2 .5 Hz, H-6 ) ; 6.99 ( IH, s , H-6 ) ; 7.27 
( IH, d, J=2 .5 Hz, H-8) ; 7 .31 (IH, d, J=9 Hz, 
H - 5 ' ) ; 7 .49 (2H, d, J=9 Hz, H-2 ' " , H - 6 ' " ) ; 
7 .98 ( IH, q, Jj^=9 Hz, J2=2.5 Hz, H - 6 ' ) ; 8.02 
( IH, d, J=2.5 Hz, H - 2 ' ) . 
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